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SUMMARY: The Food and Drug Administration (FDA) is proposing to amend 

the performance standard for diagnostic x-ray systems and their major 

components. The agency is taking this action to update the standard to account 

for changes in technology and use of radiographic and fluoroscopic systems 

as well as to fully utilize the currently accepted metric system of units in the 

standard. For clarity and ease of understanding, FDA is republishing the 

complete contents of the affected regulations. This action, is being taken under 

the Federal Food, Drug, and Cosmetic Act (the act), as amended by the Safe 

Medical Devices Act of 1990 (SMDA). 

DATES: Submit written or electronic comments by [inseti date ~20 days after 

date of publication in the Federal Register]. See section III of this document 

for the proposed effective date of a.final rule based on this document. Submit 

written comments on the information.collection requirements by [insert date 

30 days after date ofpublication in the Federal Register]. 
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ADDRESSES: Submit written comments to the Ddck~ts’Management ‘Branch 

(HFA-305), Food and Drug Administration, 5‘630 Fishers Lane, rm. 1061, 

Rockville, MD 20852. Submit electronic comments to http://www.fda.gov/ 

dockets/ecomments. Submit written comments regarding the information 

collection requirements to the Office of Information and Regulatory Affairs, 
~ .., 

Office of Management and Budget (OMB), New‘Exedutive Office Bldg., 725 

17th St., NW. rm. 10235, Washington, DC 20503, Attn: Desk Officer for FDA. 

FOR FURTHER INFORMATION CONTACT: Thomas B. Shope, Center for Devices and 

Radiological Health (HFZ-140), Food and Drug Administration,‘@(i0’Corporate 

Blvd.,Rockville,MD 20850, 301-443-3314, ext. 132. 
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1 I. Background 
t 
/ 
i The SMDA (Public Law 101-629) transferred the provisions of the ” 

Radiation Control for Hearth and’safety Act of i968 (RCHSA)‘ (Public”L&9O- 

602) from title III of the Public Health Service’A’ct (PI% Act) (42 U.S.C. 201 

et seq.) to chapter V of the act (21 U.S.C. 301 et seq.). Under the act, FDA 

administers an electronic product radiation control program to protect the 

public health and safety. FDA also develops and administers radiation safety 

performance standards for electronic products. 

The purpose of the performance standard and these proposed amendments 

is to improve the public health by reducing exposure to and the detriment” 

associated with unnecessary ionizing radiation from diagnostic x-ray systems 

while assuring the clinical utility of the images. 

In order for mandatory performance standards to provide the intended 

public health protection, the standards must be modified when‘appropriate 

to reflect changes in technology or product usage. A number of technological 

developments have been or will soon be implemented for radiographic and 

fluoroscopic x-ray systems. Such developments, however, are not addressed 
:, . 
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in the current standard, but have presented pfotilems in the application of the 

current performance standard. 

FDA thus is proposing to amend the performance standard for diagnostic 

x-ray systems and their major components in §§ iO20.3O,lO20.3l; ldi0.32, and 

lQZQ.33(h) (21 CFR 1020.30, 1020.31, 1020.32, and 1020.33(h)). 

These proposed amendments will require additional features on newly 

manufactured x-ray systems that physicians may use to minimize x-ray 

exposures to patients. Advances in technology have made several of these 

newly required features possible or feasible at minimal cost. _ . 

In the Federal Register of August 15, 1972 (37 I?R 1646i), FDA issued 

a final rule for the performance standard, which became effective on August 
! .; (,. _; / ‘. . 1 / 

1,1974. Since then, FDA has made several amendments to the performance 

standard to incorporate new technology, to clarify misinterpreted provisions, 

or to incorporate additional requirements necessary to provide for adequate 

radiation safety of diagnostic x-ray systems. (See, e.g., amendments published 

on October 7, 1974 (39 FR 36008); February 25, 1977 (42 FR iil982); September 

2,1977(42 FR 44230); November 8,1977(42 FR 58167); May 22,1979(44 

FR 29653); August 24,1979 (44 FR 49667); November 30,1979 (44 FR 68822); 

April 25,198O (45 FR 27927); August’31,1984 (49 FR 34698); May 3,1993 

(58 FR 26386); May 19, 1994 (59‘FR 26462); and:July’i, f9~6'[64 l?k%ii2%)"j~ 

In the Federal Register of December 11, 1997' (62 FR 6$"235), FDA issued 

an advance notice of proposed rulemaking requesting comments on the 

proposed conceptual changes to the performance standard. The agency 

received 12 comments from State and local radiation control agencies, 

manufacturers, and a manufacturer organization. FDA considered these 

comments in developing this proposal. In addition, the concepts-embodied in ’ 
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these proposed amendments were discussed- 
.G I 

~~:Pipril 8, 19! - ” I - - 37, during a oublic 

meeting of the Technical Electronic Product Radiation Safetv Standards 

Committee (TEPRSSC). TEPRSSC isa statutory advisory committee (2i U.S.C. 

360kk(f)(l)(A)) that FDA is required “to consult before‘ it may prescribe any ^ 

electronic product performance standard under the act. The proposed 
, : i 

amendments themselves were discussed in detail with the TEPRSSC during 

its meeting on September 23 and 24, 1998. TEPRSSC approved the content 

of the proposed amendments and concurred with their-publication for public 

comment. 

The proposed amendments described in section II of this document may 

be considered as nine significant amendments to the current standard and 
< 

several other minor supporting changes, corrections, or clarifications. The nine 

principal amendments fall into the following three categories: 

1. Amendments requiring changes to equipment design and performance; 

2. Amendments designed to improve use of fluoroscopic systems by 

requiring enhanced information to users: and 

3. Amendments applying the standard to new: features and technologies 

associated with fluoroscopic systems. 

II. Proposed Amendments to the Performance Standard for Diagnostid X-Ray 

Systems and Their Major Components 

A. Change in the Quantity Used to Describe X-Radiation-From Exposurk to 

Air Kerma 

FDA proposes to change the quantity and the associated unit used’to 

describe the radiation emitted by the x-ray tube or absorbed in air. The 

radiation quantity “exposure” ‘would be replaced by the quantity “air kerma.” 



‘i 

. 
The units used to describe these quantities would be changed accordingly 

throughout the standard, wherever appropriate. 

The International System of Units (SI) was named and adopted at the 11th 

General Conference on Weights and Measures (GCWM) in 1960 as an extension 

of the earlier metric systems. The SI, also referred to as the metric system, 

is the approved system of units for use in the United States. The U.S. 

Department of Commerce published an “Interpretation and Modification of the 

International System of Units for the United States” in the Federal Register 

on December 10, 1976, which set forth the interpretation of the SI system for 

the United States. The Omnibus Trade and Competitiveness Act of 1998 

amended the Metric, Conversion Act .of 1975 $require each Federal agency 

to use the metric SI system in its activities. The FDA policy for use of metric 

measurements is described in a March 19,1990, memorandum. This policy 

calls for use of the metric units followed by a parenthetic “inch-pound” 

declaration unless there is a cogent reason not to utilize dual metric and “inch- 

pound” measurements. The policy notes that there should be few such 

exceptions. 

One of the objectives of the International Commission on Radiation Units 

and Measurements (ICRU) is to develop internationally accepted 

recommendations regarding quantities and units of radiation and radioactivity. 

The ICRU recommendations often form the basi,s of.GCWM actions. In i998~, 

the ICRU published its Report 60, “Fundamental Quantities and Units for 

Ionizing Radiation,” superseding its previous Report 33. Report 60 uses the 

SI units and special names for some radiation units (Ref. 1). The ICRU had 

suggested phasing out by 1985, the use of certain special quantities and units 
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that were not part of the SI system, including the special unit of exposure, 

the roentgen (R). 

The current Federal performance standard for diagnostic x-ray equipment 

uses the special quantity exposure to describe the radiation emitted from an 

x-ray system. In the Federal Register of May 3, i993 (59 FR 26386), FDA 

published a final rule which made a partial transition to the SI units by 

changing the unit for exposure from “roentgen”’ (R) to “coulomb per kilogram” 

(C/kg). This change required using an awkward conversion factor of 2.58 x 10-4 

C/kg per R. 

In view of current trends, scientific practice, the U.S. policy, and FDA 

directives, FDA proposes that a complete conversion be made to the SI 
.) 

quantities and units by amending the standard to require using the quantity ., 

air kerma in place of the quantity exposure. Additionally, the agency proposes 

that, in making this conversion, the absolute magnitude of-the limits on 

radiation contained in the standard not be changed. This requires that the 

limits, when expressed in the new quantity air kerma and its unit, the gray, 

be expressed with numerical values different from the current limits that use 

the quantity exposure. 

In its recent reports, the National Council on Radiation Protection and 

Measurement (NCRP) adopted the use of the SI quantity kerma, in particular 

air kerma, to 

in the NCRP 

describe the radiation emitted from an x-ray system. This change 

recommendations was made without significant concern that 

previous limits in the voluntary recommendations were slightly increased by 

this change when numerical values for the limits were not changed but were 

expressed in the new units. This change in the NCRP recommendations 



9 9 

resulted in an increase in the limits, compared to previous recommendations, resulted in an increase in the limits, compared to previous recommendations, 

of about 15 percent. of about 15 percent. 

FDA is not proposing such an increase in this proposal. Instead, FDA is 

proposing that the numerical values for limits in the standard relating to 

radiation, when expressed in the new quantity, be changed as well so the new 

limits will be equivalent to the current limits, thereby making no change to 

the level of radiation protection provided by the standard. FDA has dropped 

earlier draft proposals to change the numerical values in a manner similar to 

the changes made to the voluntary recommendations by the NCRP because of 

several comments that were received. The comments objected to any changes 
, 

to the level of radiation protection provided by the limits in the current 

mandatory standard. 

This proposed approach to the numerical limits results in numerical 

values that are not integer numbers or multiples of 5 or 10, as is the case in 

the current standard, when limits are expressed in the non-S1 unit ‘for’ 

exposure, roentgen. For example, the current limit for an exposure rate of 10 

R/minute (R/min), 2.58 x 10-3 C/kg per min, becomes an air kerma rate (AKR) 
: 

limit of 88 milligray per minute (mGy/min) under the proposed approach. 

FDA is proposing new definitions of the quantities kerma, as used by the 

ICRU, and air kerma in $$1020.3O(b). Because the quantity air kerma is a 

different quantity from exposure and not numerically equivalent, FDA is 

proposing in the amended standard to express the limits in terms of air kerma 

and indicate the equivalent limit in terms of exposure using the word “vice” 

to indicate this equivalence. Thus, the change described above would be given 

in the proposed amendments as a limit expressed as “88 mGy/min (vice 10 ’ 
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R/min)” indicating that the new lir%*of 88’mcyj/min air kerma is’equivalent 

to the previous limit 10 R/min exposure. 

Current International Electrotechnical Commission (IEC) standards for 

diagnostic x-ray systems use the quantity air kerma to describe the radiation 

emitted by the x-ray system. The current limits on maximum fluoroscopic 

exposure rates in the performance standard were established to be consistent 

with the recommendation of the NCRP. The proposed amendment maintains 

agreement between the performance standard and the voluntary standards in 

terms of the quantities and units used. But in order to maintain the current 
! 

level of radiation protection and in response to the comments received, the 

change results in numerical limits for some of the~requirements different from ., ,,_ ,- 

those used in the current recommendations of the NCRP. 

The term “exposure” is also used with a second meaning in the 

performance standard that does not refer to a quantity of radiation as defined 

here. The.second meaning of “exposure” refers to the process or condition 

during which the x-ray tube is activated by a flow of current to the anode 

and radiation is produced. The second meaning of exposure will continue to 

be used where appropriate. FDA is proposing to revise the definition of the 

quantity exposure in 5 1020.30(b) to match the current ICRU definition. 

FDA also proposes in § 1020.30(b) to amend the definitions of “half-value 

layer” (HVL) and “x-ray field” to reflect the change from the quantity exposure 

to air kerma. 
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B. Clarification of Applicability of fiequk?~eht$ !ti &count for Techn&ogitial_ 

Developments in Fluoroscopic X-Ray Systems Such as Digital Imaging,.Digital 

Recording, and New Types of Solid-State X-Ray Imaging Devices 

When the performance standard was originally developed, the only means 

for producing a fluoroscopic image was either a screen of fluorescent material 

or an x-ray image intensifier tube. Thus, the standard was originally written 

with these two types of image receptors in mind. The advent of new types 
. 

of image receptors, such as solid-state x-ray imaging (SSXI] devices, and new 

modes of image recording, such as digital recording to computer memory or 

other media, has made the application of the current standard to systems 

incorporating these new technologies cumbersome and awkward. These new 
1 _, .^. ., 

aspects of fluoroscopic system design have required a series of interpretations 

to apply the standard appropriately. With this in mind, FDA proposes to .i 

amend the performance standard to recognize these new types of image 

receptors and modes of image recording and to clarify how the requirements 

of the standard apply in each case. This amendment would result in replacing 

the terms “x-ray image intensifier” or “image intensifier” ‘with the more ., .___ _. _, ..j 

general term “fluoroscopic image receptor” in numerous sections. 

Although the basic radiation protection and safety requirements for 

fluoroscopic equipment in the performance standard are based on the presence 

of an x-ray image intensifier, these requirements are also appropriate for newer 

imaging systems that do not use an x-ray image intensifier. The newer imaging 

systems may incorporate an image receptor consisting of an absorbing material 

and an array of solid state transducers that intercepts x-ray photons and 

directly converts the photon energy into a modulated electrical signal. The 

signal often goes through analog-to-digital conversion as part of the image 



,“_.. ,” . . 

12 

. 

formation process to perform both fluoroscb~~~~~~‘rakiiography. FDA’~‘ljrbposes” ~ 
,_ ‘” L,,,.? ,.>a~<” i 

to modify the structure and organization of the standard to address this new 

type of x-ray imaging equipment. The specific changes proposed.are described 

below in section 1I.C of this document. 

For SSXI, new performance considerations are relevant because of the 

different construction and the use of solid-state materials such as silicon and 

selenium. These new considerations include: Changes in spatial resolution, as 

quantified in the modulation transfer function (MTF), dynamic range, and 

detective quantum efficiency; the introduction of aliasing artifacts; reduced 

geometrical efficiency (fill factor); and differences in the range of quantum- , j , _^,j /_.“,_% ;,-” 

limited operation when compared to the older vacuum-tube-based fluoroscopic 

equipment. Because consensus is not available on some .aspects of the 

performance for these new devices, the agency has relied on premarket review 

and associated guidance documents to provide the necessary radiation safety 

control for these devices. (See, e.g., the “Guidance for the Submission of 

510(k)s for Solid State X-Ray Imaging Devices ” (Ref. 2).) .I I -..a_ ,.,., . . . . . ,. ,? .\ 

An example of a new performance consideration for the SSXI is the active 

detector area. Because of the need for electrical separation/insulation between 

individual detector elements, the detector area has both active and inactive 

regions, in terms of detecting image information. The relative areas of the 

active and inactive detector areas are usually described in terms of the fill 

factor. The fill factor, to a first approximation, is the pixel area (active area 

in terms of image formation) times the number of pixels divided by the total .-a‘ ., I . 

detector area exposed to the input image flux. 

The fill factor and other characteristics can-have significant effects on 

imaging performance. The imaging performance must also be considered when 
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obtaining a complete picture of the effectiveness of these devices. Although 

FDA is not offering specific proposals for imaging performance at this’time, 

FDA is inviting comment on possible approaches to ensuring radiation 

protection and safety in the application of these SSXI devices. 

C. Changes and Additions to Definitions atid Applicability Statements 

To address the changes in technology and the new types of image receptors 

and to allow these items to. be appropriately integrated into the standard, FDA 

proposes the following changes in definitions and applicability sections of the 

standard. The changes in definitions described here are in addition to those 

described above in section 1I.A of this document. , 
. 

First, in § 1020.30(b), FDA proposes to amend.the definition of 

“fluoroscopic imaging assembly,” “image receptor,” “spot-film device,” and 

“x-ray table” by removing the reference to an x-ray image intensifier as the 

descriptor of the image receptor or by replacing image intensifier with the more ,.. 2. 

general term fluoroscopic image receptor. 

Second, FDA also proposes in § 1020.30(b) to amend the definition of the 

term “recording” by removing the word “permanent” and replacing it with 

the word “retrievable,” and to remove the examples of “recording,” to clarify 

the definition of the term “recording” in,the context of images stored on 

recording media other than film. 

Third,-in § 1020.30(b), FDA proposes to clarify the applicability of the 

standard or to bring precision to the meaning of specific requirements by 

adding definitions for the terms solid state x-ray imaging device, fluoroscopy, ,. 

radiography, non-image intensified fluoroscopy, automatic exposure rate 

control, isocenter, last image hold (LIH) radiograph, mode of operation, and 
.,.._ ., 

source-skin distance (SSD). 

I 



Last, under § 1020.30(b), FDA proposes to add a definition of “lateral ’ 

fluoroscope” to clarify the distinction between a lateral fluoroscope and what 

is commonly referred to as a C-arm fluoroscope. In an August 29, 1977, 

Compliance Policy Guide, FDA described the geometry”for measuring, during 

a compliance test, the entrance exposure rate for lateral fluoroscopes. The’ 

standard does not define a system by the way it is used but allows the 
”  . ,  .  , I  ^ . , /  _ 

manufacturer to specify the use for which the,equipment is designed. The 

design of the system determines whether the system is a C-arm or a lateral , 

fluoroscope. If the system is a C-arm, it is tested’using the test geometry for 

a C-arm system, even if it is used with a lateral beam direction. If the system 

is a dedicated lateral fluoroscope used with a biplane system, the more 

restrictive measurement geometry, as described for a lateral fluoroscope in the 

current § 102&32(d)(4)(iv) and (e)(3)(’ ) iv , will be used. This test geometry is 

described in proposed § lOZO.S2(d)(3)(v). 

The lateral fluoroscope consists of a support structure holding a tube 

housing assembly and a fluoroscopic imaging,assembly with the x-ray beam’ 

in a lateral projection parallel to the plane of the tabletop. Thus, the geometry 

of the source and image receptor is fixed relative to the patient or x-ray table. 
I 

The entrance air kerma would be measured with. the radiation measure,ment 

instrument detector placed 15 centimeters (cm) from the center of the table 

in the direction toward the x-ray source. (This position is considered to be 

typical of the entrance skin surface of the patient.) During the measurement, 

the tube housing assembly is positioned as close to this location as allowed 

by the system. For C-arm system measurement geometry, the patient is 

assumed to be as close to the image receptor as possible and, therefore, the 

detector is placed 30 cm from the entrance surface of the image receptor. In .I 
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a lateral fluoroscope, the patient cannot be placed against the image receptor, 

and the measurement point is referenced to the center of the table. The 

standard does not require that the table have the centerline indicated. Testing 

is performed relative to the centerline and the center is located by’ 
I. 

measurement if necessary. 

Additionally, FDA proposes to correct two minor typographical errors that 

were introduced into the definitions of “leakage technique factors” and “spot- 

film device” in the May 3, 1993, Federal Register. 

FDA proposes in §§ 1020.31 and 1020.32 to’amend the,applicability 

statements by removing the reference to an x-ray image intensifier as the 
., 

descriptor of the image receptor used to distinguish between radiography and 

fluoroscopy. FDA proposes to further modify the applicability statements to 

clearly identify the type of x-ray imaging equipment to which each section 

applies and to distinguish between radiographic and fluoroscopic imaging. 

Additionally, to complete the transition to the use of the terminology 

“fluoroscopic image receptor,” FDA proposesin 5 1&6.32(a)(l) and (a)(2),to 

replace the term “image intensifier” with the more inclusive term 

“fluoroscopic image receptor” to reflect the changes in fluoroscopic image 

/.., j_ ri:.lX”, “, ,./ 
receptor technology and design. This change.tiill, therefore, indiude SSXI 

x, ._(” ,” 

devices, x-ray’image intensifiers, and other fluoroscopic i mage receptors within 

the transmission limit and measurement criteria of paragraphs (a)(l) and (a)(2). 

Similarly, FDA proposes in § 1020.32(g) to remove “image-intensified 

fluoroscope” and add in its place the generic term~“fluorosco~e” in the . / 

description of the requirement for minimum 

specific surgical applications. 

SSD for systems intended for 
/, “\ 



imaging” and add in its place “image receptor incorporating more than a 

simple fluorescent screen.” This removes the reference to a specific type of 

fluoroscopic image receptor, the image intensifier, and includes all types of 

receptors other than a simple fluorescent screen as meeting the requirement 

of § 1020.32(i). 

D. Information to be Provided to Users (5 1020.30(h)) 

FDA proposes to add two paragraphs to § 1020.30(h). .Proposed 
,. 

§ 1020.30(h)(5) and (h)(6) 
/,)^ _.,j ,s I .” .._.,. -es . . 

would require manufa&rers’to provide in the 
., I - 

instructions for users additional information regarding fluoroscopic x-ray 
I, ) I 

systems. 

Recent developments in the technology of fluorbscopic-systems have’ 

resulted in equipment being increasingly provided with a variety of special 

modes of operation and methods of”recording ‘fluoroscopic images: Some’of ’ - 

these modes of operation may signifidantly increase the entrance AKR to the 

patient compared to conventional fluoroscopy. There is concern that the 

operating instructions provided with the fluoroscopic system lack sufficient 

information concerning the characteristics of thes,e special modes of operation 

to permit the operator to adequately evaluate the increased radiation output 

and consequent increased exposure to the patient and operator from these 

modes of operation. There is typically little information provided to users on 

the clinical procedure(s) for which each mode was designed, resulting in 

potential inappropriate application of the mode by a user who is not fully 

aware of the intended application of the particuhu mo-de of operation ‘- I 
,: ? _“... I 

Proposed § 1020.30(h)(5) would require that^ the information provided to 
I._ / 

users contain a detailed description of each mode of operation and specific 
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instructions on the manner in~*which the mode is engaged or disengaged. The 
_I ..,\. 

manufacturer would also be required to provide information on the~~sp;‘ecifiic ^ x -- ” 

types of clinical procedures or imaging tasks for which the mode is intended 

and instructions on how each mode should be used. This inform&i% is“to 

be provided in a special section of the user’s instruction manual or in a 

separate manual devoted to this purpose. I’ 

Section 1020.30(h)(l)(i) of the performance standard states that the 
/ - 

information to users shall contain “Adequate instructions concerning any 

radiological safety procedures and precautions which may be necessary 

because of unique features of the equ”ipment~ ’ ‘-.. 
* * *; ,? .FDAe con,iders .gnfmodie “. 

of operation that yields an entrance AKR above 88 mGy/min to be a unique 

feature of the specific fluoroscopic equipment and thus must have a full and / 

. 

complete description in the instructions for its use. 

FDA is also of the opinion that, for modes of operation where the entrance 

AKR exceeds 88 mGy/min, the manufacturer should provide detailed ., i 

information to permit the user to assess the exposure to the patient relative , ,_ ._ 

to that delivered in the normal mode of operation. Such information would 

give operators important radiation safety data with which to make better 
1. . ;s- , .- F -I . . _ I, ., 

judgments on the possible hazards involved With a’$rtidular procedure. FDA __ ” 

has learned that, because of the multiple number of modes and options ” ~- ’ - 

available with many of the systems, manyusers are not atiare of &hen or how’ 

such modes are engaged and disengaged or the radiation output consequences 

of such modes. FDA had originally considered requirmg the manufacturer to - 
(,., r) ,; I. _. 

provide data on the entrance AKRs for each mode of operation of the 

fluoroscopic system. However, the large number’of possible combinations of’ _ L _’ 

modes and options for operation available with many of the systems makes 



. 

,. 
this impractical. The proposed amendment d&&bed in section 1I.J of this 

” ” _.. .~.j^l ,‘” ,,,, 
document would require the manufacturer to provide a display of the AKR 

,, /~,_, ,__ I( ., 
1 ;1 . ,.._ ,_ “, . 

I 

and cumulative air kerma. With this information, the user is made aware of -” ’ _I 

the relative changes in the AKR when changing from one mode of operation 

.. -i _ to another. Awareness of such changes will inform the user of the relative . 

output changes of the system as a function of mode of operation, patient size, 

and system geometry. 

FDA believes that manufacturers are already providing much of the 

information proposed in this requirement. How&ver, the infermation may not 
_~#.,..‘~.. _“...* .___ ,.I 

be displayed in a separate section of the manual where.users can readily find 
. . (. L., ,, 

.r . . “. 
it, and the information may not contain enough detailed information on the 

intended use of the various modes of operation to assure proper use of the 

system. 

Proposed § 1020.30(h)(6) would require manufacturers’to provide users 

with information regarding.the new’features of fluoro&opi& systems des%ribed .’ ’ 

in proposed § 1020.32(k). Proposed § 1020.30(h)(6) would also require 

manufacturers to provide information regarding’the display of values of AKR 

and cumulative air kerma. This information will include a statement of the 

maximum deviation of the actual values of AKR and cumulative air kerma from 

their displayed values, maintenance and instriimenta1ion~Lalibration 

information, and a description of the spatial coordinates of the reference 

location for which the displayed values are given. 

E. Increase in Minimum Half-Value Layer (5 10<0.3O(ti)(Z)) 

FDA proposes to modify the requirement for minimum HVL to recognize 

changes in x-ray tube and x-ray generator technology over the last few decades. 
!’ .- I j .i,;,, _ 1 L .,a- l”_~Ij .I..” 



l&e buality or homogeneity of an The use of x-ray filtration to increas-e _ I I 

x-ray beam through selective absorption of the low energy photons has been 

a recommended practice for a long time. A 1968 report published-by NCRP 

(appendix B, table 3, in Ref. 3) provides the beam quality in terms of HVL, 

as a function of tube potential, that would result from specified values of total 

x-ray filtration in the x-ray beam. However, the values of HVL”in the table 

would only result if one used the NCRP suggested values of total” filtration 

in diagnostic x-ray equipment of that era (i.e., the 1960s to early 1970s). It 

should be noted that diagnostic x-ray equipment of that era was characterized 

by x-ray tubes with a large x-ray target angle and x-ray generators with 

significant ripple in the high voltage waveform (e.g., an x-ray target angle of 

22” and a high voltage ripple of 25 percent). 

The requirements on beam quality in the current IEC international 

standard (Ref. 4) are also expressed in a similar manner as the NCRP Report 

No. 33 (i.e., a total filtration requirement plus a set of minimum HVL-values). 

The Institute of Physical Sciences in‘.Medicine has recently published a report 
I 

which can be used to estimate the total filtrationfrom HVL data as a function 

of x-ray target angle and high voltage ripple (Ref. 5). These data point out the 

lack of correspondence between a total filtration of 2.5 millimeters (mm) of 

aluminum and the minimum HVL requirementsin the performance standard 

for state-of-the-art x-ray equipment (e.g., an x-ray target angle of 12” and a high 

voltage ripple of 10 percent). For these types of equipment, the minimum HVL .- “. 
_ , 

requirements in the performance standard can be met with about 1.8 mm of 

total filtration versus the required 2.5 mm of total filtration .as specified in the 

IEC standard (Ref. 4). Only equipment with large x-ray target angles (22O) and 

a great deal of high voltage ripple (25 percent) need a total filtration of 2.5 



mm of aluminum”to meet the ~inimum,~‘~e~~~~~~i;nt:s in th& herformance 

standard. In terms of skin-sparing effect, the performance-oriented set of 

minimum HVL values in the performance standard have not kept up with 
, 

changes in x-ray equipment when compared to the design-oriented 

requirement of .a total filtration of 2.5 mm of aluminum. 

For these reasons, FDA proposes to increase the minimum HVL values 

for radiographic and fluoroscopic equipment ex+uding mammography 

equipment and dental equipment designed for use with intraoral image 

receptors. The proposed minimum HVL values represent the values obtained 

with a total filtration of 2.5 mm of aluminum on: state-of&e-art diagnostic x- .’ 

ray equipment (i.e., an x-ray target angle of 12’ and a high voltage ripple bf 

10 percent). FDA used the data in the Institute of Physical Sciences in 

Medicine report to arrive at the proposed minimum HVL values. Medicine report to arrive at the proposed minimum HVL values. 

As a separate x-ray filtration issue; there has been a substantial increase As a separate x-ray filtration issue; there has been a substantial increase 

over the past 20 years in the use of x-ray fluoroscopy as a visualization tool over the past 20 years in the use of x-ray fluoroscopy as a visualization tool 

for a wide range of diagnostic and therapeutic procedures. Because of.the long for a wide range of diagnostic and therapeutic procedures. Because of.the long 

catheter manipulation times and the need, in some cases, for a stationary x- catheter manipulation times and the need, in some cases, for a stationary x- 

ray field, these procedures have the potential, sometimes realized, for high ray field, these procedures have the potential, sometimes realized, for high 

radiation dose to patients and clinical personnel (Ref. 6). In fact, the agency radiation dose to patients and clinical personnel (Ref. 6). In fact, the agency 

has been actively involved in promoting recommendations for the avoidance has been actively involved in promoting recommendations for the avoidance 

of serious, x-ray-induced, skin,injuries to patients during fluoroscopically- of serious, x-ray-induced, skin,injuries to patients during fluoroscopically- 

guided interventional procedures. As a result, there continues to be an‘interest guided interventional procedures. As a result, there continues to be an‘interest 

in dose reduction techniques for these procedures. in dose reduction techniques for these procedures. 

In general, the addition of ,either beam-hardening or K-edge x-ray filters In general, the addition of ,either beam-hardening or K-edge x-ray filters 
. . . . 

can provide a significant redudtion in the expostire, particularly skin exposure, can provide a significant redudtion in the expostire, particularly skin exposure, 

to the patient. However, this reduction in exposure is accompanied by an to the patient. However, this reduction in exposure is accompanied by an 



attendant increase in tube load (Ref. 7). It should’be?~oted that one of the , .//,._ , .- _ 

recommendations of the work group on the technical aspects of fhroroscopy 

at the 1992 American College of Radiology (ACR)/FDA workshop on 

fluoroscopy (Ref. 8) was to increase the minimum HVL. Therefore, FDA is also 

proposing an additional requirement for fluorosbopic x-ray systems - ,/. _ j 

incorporating x-ray tubes of high heat-load capacity. Manufacturers of these ,(. 

systems would be required to provide a means, at the user’s option, for adding , 

additional x-ray filtration over ,and above the amount ,neede,d to .m.eet,th.e.. .___ j,_ I _,. . _I 

proposed new minimum .HVL values, -This ~requirement is based on the 

assumption that x-ray tubes with high heat-load capacity are typically required i- - : 

or provided on equipment designed for use in’interventional procedures due 

to the imaging task requirements and the exte.nd,ed exposure times associated 

with interventional procedures. The method of .implementation and the actual 

values of additional filtration t,o realize the, reduction in &in, exposure will ,k_ . . , ,,,.._ L,.,b.” .,“; *.*e*.. 

be left to the discretion of the manufacturer. , 

F. Change in the Requirement for Fluoroscopic X-Ray Field Limitation and 

Alignment (5 1020.32(b)) 

FDA proposes to reorganize and add new paragraphs to § 1020.32(b) to 

require improved x-ray field limitation for fluoroscopic x-ray systems. Section 

1020.32(b) would be reorganized to retain the ,current.r,equirements applicable 

to systems manufactured beforethe effective date of these amendments. For .,. . I^ - “_~, _) lril *_*,:1.... .b ,_#-A _ oij_vI ..;r‘““~~~~~~“w;r.X~.,...“~,.-a~ra?~fiiid?~~r~,Crui.~r,l.~~r,,x‘.~, 

systems manufactured after the effective cl@, new requirements are proposed 

in § 1020,32(b)(4) and (b)(5) respectively, for systems with inherently circular 

or rectangular image receptors, These proposed new requirements wiil result .^ .” *,x I,_ .I 0, s .~“_I j.^. ,; .‘._( /\__A&,a.*_ /. ,_.,._ i.%“/ll; _ .,.., ~ ,a?-.+i ~ _1 ,.L__I..^ ,_,,, , _ ._,),_. . . 

in increased geometric efficiency or more efficient use of.radiation as ‘described _ /.^., . . . . ̂,_/iX . . . ..4.~,.~ ~ . 

below. 
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The proposed reorganization and retention.of the existing requirements in . I 4. ,/,, “,,/” ,... ““,_ 

§ 1020,32(b) will be accomplished in the folk&&g manner: ‘Section ” ’ I,. .’ ,’ I.. 

1020,32(b)(l)(i) will be redesignated as § 1020.32(b)(3); 5 1020.32(b)(l)(ii)‘and 
‘1 

(b)(2)(iii) will b e combined and redesignated as § 1020.32(b)(l) with 

appropriate revisions to paragraph references to reflect the reorganization of 

§ 1020.32(b); § 1020.32(b)(2)(iv) will b e redG&GKCd 4s 5 lai"Oo.32(b)(2) with a 

minor clarification; and § 1020,32(b)(3) will be moved and redesignated as new 

§ 1020.32(b)(6). Additionally, $j 1020.32(b)(2)(!) and (b)(2)(ii),wiiJ be,moved,,to 4j 
-, ,, 

§1020.32(bM)(i) as § 1020.32(b)(4)(i)(+) an+@)I~)Ii)(3. ,’ 

New requirements of improved efficiency for ‘systems manufactured after, _ 

the effective date of the a.me~ndments are proposed in 5 lO20.32(b)(4)(ii) for _ .,. P_(_ -1.v 

systems with inherently circular image receptors. Section 1020,3.2(b)(5) would 

contain the field limitationrequirements for systems with inherently 

rectangular image receptors. The requirements proposed for systems with ” , ,. . . . 

rectangular image receptors are the same as those,currently applicable to . 

radiographic systems provided with positive beam limitati~on or to spot-film 

devices that utilize rectangular image receptors. ‘As such, the proposed 

tolerances for x-ray field limitation are considered te&@aj!y feasible. 

A reduction in unnecessary patient exposure is the basis for all of the x-, 

ray field limitation and alignment requirements jn the performance standard. 

For example, any radiation falling outside the visib1.e area of the im”age receptor L 

provides no useful diagnostic or visualizati9n.infqr.~~~~~~“~~~~, therefore, 

represents unnecessary patient exposure. O.nce,,it is-recognized that restricting 

the size of the x-ray field provides an effective. cpn~~.~~.,.~f..~.~~~,~es~~~y radiation 

exposure, the question shifts to what is, the toi,erance technically achievable )( .,,I ,,,, ,,> ,11 d .,*a 
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by the manufacturer for the..ma&hi.ng of the x-ray field and the visible area 

of the image receptor. 

The current performance standard (§ 1020,32(b)(2)(i)), states “‘neither the 
._ 

length nor the width of the x-ray field in the plane of the ‘image ‘retieptor shall 

exceed that of the visible area of.the ~image receptor by more than 3 percent 

of the SID. The sum of the excess& length and the excess width shallbe no., ._ 

greater than 4 percent of the SID.” These. requirements result in worst-case ,,_ I,.I ..^ ” 

values of geometrical efficiency enumerated in table 1 of this document, for 

what are typical geometrical and operating conditions on fluoroscopic systems. 

Geometrical efficiency is defined as the ratio of the visible. area~divi.,de,d,.by 

the area of the x-ray field. It should be noted that the requirements in the .I ..~. ...l,..ll_ A 

existing IEC international standard with respect to x-ray field limitation are 

more stringent than in the performance standard(Ref. 4). When the x-ray field 

is rectangular and the visible area is CircuIar, the IEC standard requires that 

the length and width of the .x-ray field be less than t,he ,diamet,er, ofth,e,~~ _” _, ,. 

maximum visible area of the image intensifier. Thus, if the x-ray field is 

centered on the visible area.of the im”age intensifier, the x-ray field would 

exceed the visible area &the image intensifier only in the corners of .a 

rectangular x-ray field, unlike what could result‘ from,“fojI,owing the current 

performance standard. I _ . . . .,/ c. . . ..~ _a,/ x .I. ” “. , _,~ _,,_, x .I_ ;,.,_ _ ; I” _ ,,. ,I _ 
TABLE 1 .-WORST-CASE GEOMETRIC~~L EFFIQE~CY 1r4 PERCENTAGE FOR ~~,~kU~O~Cj~~Cp~, $ST!JJ,~ _ , ,, j __,_, ,_ 4. ,a ,.” .._ Y .,a ~, )_ ) “. .~ ,, 

Visible Area (circular, cm;) ” .- X-Ray Field (worst c&s, square, cm2)~ Efficiency (%) 

113 I ‘- 
,‘., .., 

196’ -’ “’ 57 
, , 

177 ,I 289 
0‘ 

415 62 
,. .” ,:_I “., .-, . , 

707 1 ,o: 

I 61 

!5 66 

)A 69 

As can be seen lrom table.,1 abo? Je, the current performance standard 

allows the nossibilitv of relativelv low geometrical efficiency, narticularlv in 



modes of operation corr esponding to small visible areas on the image , 

intensi .fier. It shouldbe noted that many fluoro”soopically-guided interventional 
“S,_ ,. 

itage intensifier (Ref. procedures involve the use~of,s,m,all visible, areas on the.in *-*.-/s~%.*“~- ^ ., -1-“w.d -* ui,,+irr.rra%,inlina .laes,Jx+,,” 

9). These low values of geometrical efficiency are a direct result of using a 

square collimator for the x-ray field when faced with an in~herently circular 
A 

visible area for the image receptor. The use of-a Continuously adjustable, 

circular collimator and/or circular apertures along with adjustable rectangular 

collimation would increase the geometrical efficiency. 

Many currently marketed x-ray systems suitable for fluoros.c,opically- 

guided interventional procedures provide continuously adjustable, circular 

collimators as a basic ,and/or optional capability* (Ref., 19,:‘:Thus, a continuously 

adjustable, circular collimator is technically feasible, albeit at some additional I .,...., -“.4y _“_ -. _I_ _- : . . 

cost to the user community. Fluoroscopic x-ray systems with this feature can 

provide a substantial increase, in geometrical effi.ci,ency that is important for 

all types of radiological procedures but particularly important for 

interventional procedures resulting in high skin exposure. 

It is for these reasons that F,DA, proposes to, require geometrical efficiencies, 

of 80 percent or more for. all fluoroscpic x-ray’systems. When-the visible area I, I ..) __...~ _ ._ .., 

of the image receptor is greater than 34 cm in.vy direction, a geometrical 

efficiency of 80 percent is no longer sufficiently stringent. FDA proposes‘to’ 

change the requirement to a sizing tolerance at that point (i.e., the x-ray field 

measured along the direction of greatest misalignment with the visible area, _ 1 _ .. 

of the image receptor shall not, extend beyond the visible area of the, i,mage 

receptor by more than 2 cm). This oversizing tolerance will ensure geometrical 

efficiencies of better than 80 percent for”large image receptors. In those unus.u,al. 

cases where the x-ray field is not uniformly intense’overits, cross-se@ion, the 
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proposed field limitation and a&gnment%+rirement provides for measurement, ._ 

of efficiency in terms of air kerma in&grated over the,: c-ray field incident on _ 

the visible area of the image recentor Ref. 1-l 1. 

The intent is to promote the incorporation of contnmously adjustable, 

circular collimators into”. all+ types of fhroroscopic x-ray systems with circular 

image receptors. FDA acknowledges that the new requirements could-be met Llir~x..I.*.Iu~“*. ..^. I j,, ,,\ I) ._ ” .,” 1 

through the use of less complex, currently available, rectangular collimation 

and underframing. For example, the amount of underfremmg (defined as the .’ 

difference in the width of the x-ray field versus the diameter”pf th.e visible ,. ̂ . “._, *. ,j/. ,//i*. _a.., .) ” ,“d _ _ 

area) of a rectangular x-ray field needed to met,~t]?~~.~~“~~~,;rgquirements is 

enumerated in table 2 of-this dpcument forb,theLs4ame geometrical and operating .,,I i” ;I.\ 

conditions of fluoros,copic systems described.m table 1 of this d.ocument. The Y . I-“-j..m.i <,a, ,. “S,.” ,.. e~,^s,l‘a , ‘t-.“.**e***. “, xm~&~m. ,%L;, .” “,‘ #( .,., li_ ., _L, ) ; /i 

agency is soliciting comments on the ramifications ofthisamount of >,, .-1,.. I*.*--* .,,, 1,“1 . . &. x”,~~~__,*~~/./)_ *,,- &.,;, ,,,,._ .., ,... . . . . . ._, 

underframing. These proposed requirements for increased,x-ray utilization I.,. .,“, 

efficiency would appear in proposed § lCMMZ(b)(4)(ii) for systems 

manufactured after the effective date of the amendments. .,,j “i 1 .- j , _,. /,,.A” ,” * > ” i I ,“,- *me .-r~~*cah.,i.~~~~r2i~,~*~.~~~~~~ 4,*IIc.y* s,xh,itc,,;~-~~i:~,“*( l,_.> _ i, / ,i”,L >*, s.>i.<. *,-.;,,> ,~, V) ,ei;Eli”~,r,, h ,^,(^ “_,” _. 
TABLE 2.--UNDERFRAMING QF 4 RRc~NGULAR X-RAY FIELD’ .c “-v I1xl-u,“.. .,.i”e. _~ ,,.. *“_“..“_i 2,. /h.. ,. ,_. * ,.., in*3^.**l, ,_ ..,,, _) rr i.cdl__l ~ .,I, * ..,. b%‘, . _, _ (,. * _ - 

Visible Area Diameter- (cm) - ” ” * “.’ 
____ , 

X-Ray Fild Width (cm) Underf%ing“(crkj 

“” 
^I 

12.. ” 
,,I. ‘.,^. a*.* // 

11.9 -0.1 
: ,5 _._ ^>,: ,“. ‘.,, 

14.9 .’ -0.1 
j; s, / Ii 

23 22.8 -0.2 

30 “..’ 
.,“- 

1 . * 29.7 -0.3. 
.*jv* L” , .,,., wi,i* “^~ll*~~.~,~ua-r*P. , Amo”nt of “nderframing of a keifi”s;,ar +&--‘ pie,; Needed tdMeet the Ne?ly~~~~~~~~~~~~~~~~.~~~~~~~~~~~,~~,~~~~~~~~~~~~t~~~~~~~~~~~~~~~~ a+?“*‘~ “‘i‘ 

and Image Intensifiers With 12-, 15, 23-, and 30-cm Diameter Visible Areas. 

Although the field limitation requirements for fluoroscopic equipment in 

the performance stanclard are predicated on t&presence of an, x-ray image 

intensifier, the requirements are also appropriate for newer imaging systems 

that do not use an.xray image intensifier. As mentione-d previously, the newer 

imaging systems may incorporate an image receptor consisting of an absorbing I. , . ._ I,.j._. ^. ., __ .‘., .S,.~. ,., , 

material backe.d by an array of solid state tran:sducers that intercepts x-ray -. IC L( ~.. I*Jr ,a ., _(qI_*#, S,” ^,,._ 
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photons and converts the photon energy into ti modulated electrical signal with “ / ., 

eventual analog-to-digital conversion. These image receptors are inherently 

rectangular. As is the case for image intensifier based systems, magnification 

modes are available through the use.of a “digital zoom” where only a selected 

portion of the digital array is visible to the operator. FDA is proposing to apply 

the current requirements of the standard for x-ray field limitation that are used 

for spot-film devices or radiographic systems equipped with positive beam 

limitation, and which also use re.ctangular fields, to this new type of image 

receptor. These requirements result in worst-case values of geometrical 

efficiency (defined as the square visible area divided by the area of a square 

x-ray field) enumerated in table 3 of this document for what-are typical 

geometrical and operating conditions of fluoroscopic systems. 

TABLE 3.-WORST-CASE GEOMETRICAL EFFICIENCY 1~ PERCENTAGE FOR A’FLUOROSCOPIC SYSTEM' 

Visible Area Diameter (square, cm2) X-Ray Field (square, cm2) Efficiency (%) 

144 

225 

529 

196 

289 

625 

73 

78 

a5 

900 1,024 aa 

1 Worst-Case Geometrical Efficiency in Percentage for a Fludroscopic System With an S& of 100 cm, a Square X-Ray Field Size at the Limits Allowed by 
5 1020.32(b)(2)(i), and Solid-State X-Ray Images with 12 cm x 12 cm, 15 cm x 15 cm, 23 cm x 23 cm,’ and 30 cm x 30 cm Visible Areas. 1 

As can be seen from table 3 above, the current standard provides relatively 

high geometrical efficiency. In this case, the high values of geometrical ^” 

efficiency are a direct result of using a rectangular collimator for the x-ray field 

when faced with an inherently rectangular visible area for the image receptor. 

Proposed § 1020.32(b)(5) would explicitly state the field limitation 

requirements for systems with inherently rectangular image receptors. 



In § 1020.32, FDA proposes to revise-and reorganize § 1020.32(d) and (e) 

to clarify and simplify the requirements on ,ma$mum AKRfor fluoroscopic 

x-ray systems. In § 1020.32(d), FDA proposes to incorporate all of the, 

requirements for AKR limits regardless of the date of manufacture of the x-, j ‘IV. “‘a ,‘ , ) _ ; ;. , ,: - 

ray system. The revised paragraph would also incorporate the new quantity 

kerma and the” corresponding limits on entrance, AKRs. FDA proposes to move ~, ..*,% ,_ ,‘ . 

the current requirements of § 1020,32(e) that are applicable to equipment 

manufactured on or after May 19,19%, to the revised § 1020.32(d). This would ~. ,. 

consolidate, al!. of the require@nSs for limifs pp $e .~~&p?&~~.~~,, ~,,~‘pg~e j ‘./ “1 ,, ,, ‘” ,- 

section (i.e., revised § 1020.32(d)). Section 102p:32(e) would be reserved. 

The requirements applicable to fluoroscopic systems manufactured before , 

May 19, 1995, currently contained in § 1020.32(d)(l) through (d)(3), would be 

contained in revised § 1020.2 ^, ,“._1” 12(d)(l). No change in the limit on maximum AKR . _ -I .** x “.‘% .-I j.,-*“..“i, , ,* ,,,. ‘s.:,., .~, _. . . . _. ‘“_, _, _,“... (j. .._ 

for previously manufactured flu,oroscopic systems is introduced ,by the 

reorganization and simplificati,on of current § 1020.32(d). This simplification 1 \ 

is obtained by describing the exceptions to the maximnm AKR only one time ,&C....l -i:s,..f.,li’ ” “ki ‘1 

in proposed 5 1020,32(d)(l)(v) rather than threetimes as in current I . “Ci .> “. .9>‘, ,_ ‘5.. / “:: -.>j i _, . F * ,, j , <“: .__^, 

5 1020.32(d)(l) through (d)(3). 
: 

Proposed $1020.32(d)(l) also includes § 1020.32(d)(l)(iv) that makes : I 

explicit the fact that systems manufactured before May 19,1995, may be 

modified to comply with new requirements contained in proposed 

§ 1020.32(d)(2). The rationale for this addition isdescribed in secti,on.II$$ of,, .” ,,, 

this docuQent. . “ “- .. .^ L/ .* )/<, __,_. /._ ,, _ j, ), ,, ._, ,) __ ,,. , ,, , 
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Proposed $lozo.32(d)(2) would iricl,~~~,,~~,~~~~~~~~irements applicable to 

fluoroscopic systems manufactured $4 Q~~i$$Q+y 1% 1995. SeGtiC? . , ,, i I .( :,: 3. *. ., ,., )/. _(. .j. __ ‘* * ,-_,,“. 

lozo.sz(d)(z)( ) i would contain the language currently in § 1020.32(e)(l) that 
.’ 

requires systems with, the capability for AKR @eater than 4%Gy/min to be 

provided with automatic exposure rate control. a* “.L-,“1*. /- / ,,,. , ._ ,. :, ̂  , ” “,‘,_ . . . . ,, _ _ .+i ._, 

Section IO20.32(d)(2)( ) , ii would contain the requirements of current 

§ 1020.32(e)(2) that became effective on May 1% M% and establish,an upper 

limit on the Al@ during high-level control mode of operation. Section . . 

lozo.sz(d)(z)( ) iii would incorporate the exceptions to the m,aximum AKR limit _> ._, ,I ,. -et. ,, 

given in $1020.32(d)(2)(ii). Section lO20.&2(d)(2)(ii)(A),would contain then 

exception currently found in 5 1020.32(e)(2)(i) that addresses th,e reco$ing of 

images using a pulsed mode applicable to equipment manu&@#?d prior to 

the effective date of these amendments. ,yg:,equipment manufactured .?f@ the .“’ bj, *‘.; “< -t- ,:*: : ; _,; . ~ 

effective date of these amendments,, $,!020.32(d)(2)(ii)(B) would add an ,_e i ‘i’!-‘.*~-.JL... .\ ,_., I_.,, __/_./ __ ‘, _,.~, _) ,. i ,. /_ _;, 

additional new exception described below in s,ectjo~n,I&H ofthisdocument, , * .l._l.“x, I . _I <,I l:il,_l, : 5_ __ ; : 

Finally, the exception currently found in $J 1020.32(e)(2)(ii) addressing high- 

level control mode-of operation would be moved to* § 1020.32(d)(2)(ii)(C). 

The conditions under wbjch .cpmpliance .is, dete@ge@~~ :Jg~~@Y found __ I^ 3 _. ” ./ ,_ / _, 

in $1020.32(d)(4) and (e)(3). These conditions youid be moved to i -‘i ,> :; .+u ,I .), / (, ,,, ,/ -i 

§ 1020.32(d)(3). Section 1020,32(d)(3)( ) /, ,_ _ vi would be added to specifically 

address the measurement conditions for systems with%!& .!e.ss.than 45 cm. ,I ,. /,, d”i ‘,,^ _*, /e_. , ,. . . ‘r.i.A;.“.* I ,.:,- .,,, :“.1, , i 1 ‘. , L a-. -“a_ ‘I “i _ i ; I _ ,i, ) _, _ i .,^ ,. , / 

For these systems, FDA is proposing that compliance be determined by 

measurement at the minimum SSD. “I* --,-.,..is e_c,lrL* .a* uo.‘1 ,_a. a, A.&.“, )* ,.,. ;;_ I*,r ,r,- u,~*yi .)“a, iC( , .- %A& .<+“2<, 4&L‘ __ ,,; ;__ _ 8 /a :“ ,I,* 6. i, _/, _, il .-a.* _:I,. * /_ ,. <,,.$” ., ‘i, _* .“.hL .*“- “a, 

The exemption for radiation,. therapy simulation systems Currently found 
1 

in 5 1020.32(d)(5) and (e)(4) would be incorporated into. a proposed revision 

of !j 1020.32(d)(4). 
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H. New Modes of Image RecordNg 

New requirements would be established i?a,~,lp20.32(d):(2)(i;i)(B) to , ,_ 
i. 

further limit,the conditions under which the limit on the maximu.??% A.!&ate ,ll ,., : :’ ,I “’ i ., e:. ,,_ br ;* ̂_ i :’ :I,’ -,,I-. ‘1 i,.~.’ /:.~~!‘~‘;~:,* .*;.l. ‘,, _; ^ ,_ ” ‘I 1. 

would not apply. In May 1994, the agency amended &requirements in the 

standard, pertaining to the limit on entrance exposure rate (EER) during 

fluoroscopy. (For convenience in d&ussing the current standard and Proposed 

changes, reference will.be made to the limits on EER rather than to entrance _, ” _I,n.,, ~-.,. : ; ; ‘L..‘;.,... .’ i’ _/ ,‘“‘..<,, _,I ‘.“._, ., ,, : 

AKR which will be the quantity used in the amended standajl.), 

Ix , 

These 1994 amendments prescribed an exception to the limit on EER “. “/ : . “_ 

during the recording of images “from an x+ay image intensifier tube using 

photographic film.or avideocamera when the x-ray source is operate _ A.% “S ,.,, :. -3. 15’. ,.I: ‘A ; ;: ,.“I.. $ ,, ,/.~_ *,. ( ,I; ~ ,_ * .,i, __ 
d in a 

; r. I. ,.,a,,. ,” .._, . . ,, . 7 
pulsed mo,de.” (Pulsed mode is -defined as operation of the x$ay system such / . ,. 

that the x-ray tube current is pulsed by the x-ray control to produce one or 

more exposure intervals .,of, duration less”, ~~an~~.~~~~alf,second.) These . j, )1 - ,. ,. , ., . , 

amendments also prescribed a limit gn.EER of,@ R/min when an optional I ‘) i r -. : .I ,. j, 

high-level control was activated duri,ng fhroroscopy. 

The basic premise of these ,amendme_nts was to provide for a set of ~~~it~ .-A I;;“:.‘;“” (;,. ._ ” .,.l, i .,.i ̂ _” L. ,.,. ; ., ._ 

on the maximum EER during fluoroscopy, and for an exce . . .“. ‘ ” ._ I_^_ “.“‘.. ii I i/ I, i 
ption during 
.fl. ” ,./ ‘^, /, _r.,_L ,. *. _. - . -7 70.. ,~----- 

radiographic modes, of operation such as tine-radiography. ‘i’he denrung terms ” . . _ 

for determining whether the equipment was-in_f&or,oscopy versus radiography 

.” mode of operation were “recording of images and “pulsed ,mode.” In 

retrospect, these terms were not explicit enough for making a determination 

of the mode of operation. For example, the current wordir ,b .._ IX /I ,.-.. “_l ._ . y I.” ” ii, ) m.*, .rr~,.,““*<, 1g would allow 
. . 

o.,tape recorder to the. @aging chain adding a recording device such as a vide 1. ,_._ _d_‘ ;\,*(_ “4, 

ereby, circumvent the intentof, .,,, I _) /.. 

‘PY to 

in a pulsed mode of operation. This would, th! 

the regulation and ,allo~,th~e &nit,,on;m.aximum EER during fhroroscc : . .( ” \,. --;.. *- .E,>l. .iJ “:J!-$?‘.:. “,‘,$, ., > -, .:,. ?a dJ?< ‘A-;.;.<+ i ; $; ( __ ,” .,, 



beexceeded 

radiological 

, even though the n&c&d images are’never ,us:ed:in the ,, _ _ , 

examination and are used only for archivi$g purposes, if used at c --) :“ /a /,,. - I”. I.,, _... *., 

all. 

AS mentioned in then ear1A.e; discussion on new, types of image receptors, . :. I’ L,. .,.: :, ::“,; :- ,- .-l.a _‘,( 

FDA is proposing new definitions, for. fluo:.qisopy and radiography. These 

definitions, are needed to make a clearer distinction between fluoroscopy and .-, ./I “‘. ,,-, P,*li”‘.o ,:L,3x$ L~.W” .,ae *q&Q;:?-<, s&d>,~~‘~I,~$?~ 4 4:ii~;;<~‘~~~?“, i :.; &‘,;;v-;~,:~ I \S”;;y:;$ ,““. “y- ;“‘” ,.. IAS ,. ---“1. d”-t!-. :‘i.’ i,,.;q . ,,I __.,_, “l ,‘,’ .:.i ,;:a’:,? “>;’ ::‘:,*;; ,.i’l ,le”: :; -‘ 

radiography, regardless of the type of image receptor being used. A key element 

in the new definitions is that radiographic images recorded from the., , I ,, (, _ “, i,~~~-,irr,,.~‘.6: +,,a. 

fluoroscopic image receptor must be ava$able$for viewing after the acquisition 

of the images and during or after thee procedure, whereas fluoroscopic images 

nra XT; OTbTla t-l in wnl time. nr near-real time durina the procedure. Thus, the 

definitions of the two modes of operation, i.e., radiography and fluorqscopy, ..-.-..-*,.,, ,. \_ _“^, ““.,_ ,..“,.~_, _,( ,& ,,!& ,__ ._” _ ,,,_ _ * 18 ‘, I ,\, r ,. , ,, & ., , . . 
are tied to the int,ended use and not to an arbitrary interval &time, as under s -.~-*“d.y~‘ ,,,*,y :i_ -.‘-.‘,.i<“’ r I,..,_< _&if ,i i”,“p,,z I ._ ” 

the current “pulsed mode” definition. , 

In additionto,;the proposed new,definitions, FDA pro?c@s,Jo change~the . (.. . ..)I ..,.<.‘/i/_j‘*,” *t<“.. ,/, __ ,_ /_/ “^ ;i, 

description of the conditions.ynder which exceptions to the limit on m@%qFW _ ,_ ~_XX ,.I?/.b) *I, “,~ .<*_ j’ , 

AKR are allowed. Section $#.Q(d)(2( iii would contain two,>exemptions. The ) : 1, : Ij _ , ,,_ 

exemption currently in § 1020.32(e)(2)(i) would be .movedto.. ,_ 

§ 102&32(d)(2)(iii)(A) d 1 y svuv.“u\u,\Y,\-~-l,\* -, an would apply to fluoroscopic systems manufactured --_- _. _ ---.~ I I r, )pic systems manufactured 

on or after May 19,1995, but before the effef.ve date of the proposed 7 ‘_ si”, :.j ;, :2:y:*x ‘,.>s:‘.t->h &,,:.’ ._ ___ _._ ;, 

amendment. A new exception would be adde,d,in $1020.32(d)(2)(iii)(B). This . 32(d)(2)(iii)(B). This . 
UAIL”IIU_IALV*~L. A A --- - . -----I -~ _ ,i. / ^j .Y .~ ., .~ ., 

exception would-re,cognize that image receptor,s other, than x-ray image 

intensifiw tubes are no% ,y?g,$+ in fluoroscope and WOU~~F?E?? t!?%??$?~~.~~~. ‘, _ I .,.. /a _ .._.. ,. .,. ,T< _ * “““‘!“‘:--*:--:y‘-.ii.“.” ..:.‘J< ! (_ “_ ‘:, ,, / “_, I _, ,: ..‘I :,*. ,.:., “, ,- :. :1 
to operation in a pulsed mode. Inste*a.d, the erc.eption to the limit op ~~xk~?? , 

AKR would apply to any recording of images from the, ,fluor,oscopic image -_-_-- .~ - 
3.l .I I 

receptor except when the recording of images is accomplished using a video using a video i^ . ,I *. ̂ re ,“.A? ,,,, *a.%“.,* 
.‘, .; _ ‘_ 
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tape recorder or a video disk, recorder. $$Vjjg$@ prevent the simple addition I. .!. .._ .i . 

of an analog image-recording device.,to the..fluoroscopic system as a means to ., 

26407, May 3, 1993), the agency is still intere@ed in receiving information op I~ i *. +‘.,rr**b, hL;-. ,/, ,,.“&<, ,,-* ,“I . 

any clinical situ.atjons,that could require higher IAKR than cqrrently permitted. . 

Such situations have been suggested to arise d.ue.$ tln_eS,ne%sslty or ,r_ ., “i.:e ;:i~*, #/ : ;. 

momentarily viewing the patient o-r the state,qf a device in,~a, patient as best ” 

as can be done or with the highest image quality obtainable during f’fuoroscopy 

mode of operation. Some ane@ota~~ evidence seems tom argue for an increase ,‘- ,. ̂, a, ; _)..~ I _ /“.. ,, ,_ r .: ,I “__ ^, , 

in the EER above the current~20 R/min limit under high-level controLThe 1994 1’ *-- ,- ‘,p,<~se:.,;.““‘.;. ” “I ,; .“’ j .:...~,,.;&:~$:.. -@” “.,._ ! !. “’ *< %, 

change in the regulations undgrw,ept a” extensive :, / .,..., ! review and cyye,nt. period. i >[..‘,, L “, . ‘,,.., -,::; ,:‘“-‘ I 

The consensus,pf that review, although not unanimous, at, the” time of issuance ii /- se’ / >,.. b 1- p; .:,p3;-.*. ._,. 3.’ , ., ,“,,, , : ‘ ,‘* *,. , , ,/ > (. ,p^,-r.r: ,. & .“iS ( I _,‘, , ,.,$‘ ./ ,._ .<“.I, ~^,. .A, I ,:, _ ,, ‘, .I, < ,_ L / 

of the regulations, was that~ 20V R/G@ .~ou~,~.be;&,~~~~~ci~,~~l~ high for most I- I” , ,- _ _ _I ~.I _; b ,,..^. ,_, ., 

clinical fluoroscopy situations. The agency was and is~still,S,~n~l:ti~~~~,~ {be (, . j, “,, )*, 

concern that the &nits on EER may in some cases compromise the clinical. ,,...” !...I. i 

utility of the fluoroscopic equipment. 

Because of these concerns regarding the,appropriate upper limit AKR, FDA ,‘. ,.. ,.. r ._),. 1 ‘.I:.‘= 

is encouraging further comment. .on&etopic of limits, on AKR under normal ‘.. ,_, ‘ ,... ^ 

and high-level fluoroscopy modes. For example, some members of the 

radiological commun$y have proposed that fluorQPcopic equipment allow a 

momentary viewing of the state” of. an &ter~ve&n at an increased but .‘A j.-. *ii+:. ,I .:,-.‘f,, ,c;z _\ i * , ;, ,” ) ,,. 

unspecified AKR. ,Thj,s” momentary view would have a maximum duration of . --l-“*--. ., . . _.- . . _ /: . . . . -., _( “+j ,.,, _ __ . . . I 

10 to 15 sec,oo&.,,TI+s proposal was accompanied with the commeut that if.. ., . I ,,I 

physicians are not alrowed‘to, use, such-a mode? they will contipue,.the ~practice 
$/.I’,: 

of using cineradiography bursts at high AKRs to aCco,qplish the diniGa! !!?!5- 



“I 

Comments received by the agency suggest that an altern,a&ve, ,approach in 

$g unnecessary radi,z ition,and assuring optimum ,“# .,,. <..,/<, .%,.I , 

system performance.. T,he suggestion is that the limits on-A. &,,: ,,._ i _ _ , ;.i,, ,. L .KR to the patient 

place of or in addition to limits‘ pn AKR during fluoroscopy would be more _,. .“, . . . ii,, i/I : . I. ;: . < ., ., ,, I. -I 

useful and ,effective in limil . . . 1, j. “,’ I. ““S.“., 

(represented by a measuremAent made according to the compliance geometry . xX \ _a ,, .l.i/ +.i ,i ” &i>“%,. .-, (I 1 

described in current § 1020,32(e)(3)) be replaced by limits ontheentrance AKR ‘I(_ I .* b) ., I./ “; tj .a,,, ,*-,i. $~*,,>“, _^, I __ j ,‘ c .b i b., js-- .* .,/” -.‘e __;, “x_ .,. -;. ~, T... WC -w ,_“., ,*.i_ ;,, ./ ,, __ 

at the input surface of the image receptor @AK@). Different EAKIRlimits x _ 1; _ __ _ I , I,, ‘,. 

could be established for, different modes of fluoroscopic imaging, depending .“I, ,. (_ ” “_, ‘. -” .yr’ pl,, ( ^ 

on the image performance required for the clinical task. I , 

There is a precedent for this approach in pther ,cpnsensus documents such . i, %‘.j-*:?,, .* 1 *..a ‘” ‘“-1’ :‘l*~~s.~.~~~~~-‘rn~~~ .E*r%~w.J-.$;:w,,~~, : ,.; .*<_ :i ;“; ,,il: ‘, “j . . . . 

as the NCRP Report No. 99 and NCRP Report No. 102 (Refs. 12 and 1.3). For __ l‘“l .,l ,s,._ i” (_\ .“zd,, )x;rxf&*” 

example, the NCRP Report No. 99. states t?x&&@gg, fluoroscopy “typical image 
I 

intensifier entrance ,exposure shoul,d bein tte”.Tange of 13 to 52 &/kg/image 

(50 to 200 @/image) depending on image intensifier si~,e,. * * *.” (Note that, 

in the opinion of FDA, there is an error jn th,e EwCRPReport No. 99: these 

numbers reflect, exposure per second, not exposure per image.) In the same 

manner, the NCRP Report No. 102 provides a table‘with , 1 “air kerma rate values oi. ,, -’ ‘5; ,... :; ,~’ ,<y.**:) , ,“,‘. -.‘>, / ._ I .(., lb< 

to produce acceptable fluoros,copy images ” and “air .kerma. to produce static 

images equivalent to that produced by a par speed screen-film, system.” FDA 

invites comments on the feasibility and desirability of this approach to limit * .‘ ,- ‘.,.,A r__l_<ui( . . . . . T_ ,__ , -s* .4*,.4:. , . ” _, _,, “(_ __ ( ,. _ 

unnecessary radiation from fluoroscopic systems. , 1 .” ,f>ll . l.,r”i 1.“” ,,i 

J. Requirement for Minimum ,Sow~e,S&i~ ,&$--~:~ for Small C-Arm 

Fluoroscopic Systems (§ 2 020.32(g]] i 

FDA proposes in § 1020.32(g) to add § 102.0.32(g)(2) to establish a 

minimum source-skin distance (MSSD) for “C-arm” type x-ray systems having . -I* ).., ,*. -9 ‘-“*“L^?w# ..,‘“,~~,‘~,.~R,~.~~~“~~. .,*,:, > I ,,,,,,._ ~ “.rrl _,*,*_ ,~~,. _,(i ( ,L ” ~**“‘~v-~-w ‘%l “I -et’. .x_*l_. I.b.d *_,f_,_ ( _- I >.;, s. ,,_ ,;:,” _. ,~~. _,,_ ,,, -:_ _L_ ,. .h .,” .z.‘, -i 
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source-to-image-receptor distances of 4Ei;, c@,,or l&s ?,p$$~ @tended for imaging \ ,,. ‘ i * i,~*itrr\ _, p ‘I,* :,.,“>4,,~~;*.,. & “:,:.+*,,i,,:,” *“‘/‘L’~b .,.~“,‘!..‘~ _” ~ , ., ,, __ , 

extremities. This amendment ~o~l$&$+orporate into the performance standard / ~1...“.“7~,‘..* “CA ,*cb, :i*p c‘,h. , -.s . (/,-/ / j, u L , .‘. 

the content of variances from the performance standard granted according to 

§ 1010.4. 

FDA has granted variances fro*m.the, requirement set out in §1020.32(g) 

for a limit on.the MSSD for fluorossopic x-ray systems that were designed as 

small portable C-arm systems. These are fluoroscopic systems that were .i i 

originally designed to be har&held and were used at sporting events for a -.~ .i,. Zl%%.“MLr*rjr .*“.*,*>~~ssMI- 51. i.~-i.“~i~~r~:l’~~;,.~~,~~ ,~ ;^ .j . 

quick examination[diagnosis of orthopedic injuries. In fact, some of the early 

t 
2 

systems used a radioisotope instead of an x-ray ‘tube as the‘source of the ,/ _,.-; ,, ,;_” _ 

radiation and were, therefore, outside the purvi:ew of,FDA under the-RCHSA , .I ;’ ., ,, 

(although they are regulated as medical devices). Over. time, manufacturers of . ..,l ̂C _1,. .n .,. ,,_ ,. ” *“, ~. 

these devices,enlarged the distance o.r opening between the ,x-ray source and 

the image receptor to allow examinationof larger extremities. The, argument 
.i 

was that some athl,etes had larger extremities,and a 1,arger opening was needed ;, 

to permit the use of the systems on them. The systems were marketed under U”,C. : ^ ..* . . . . -^*a ,. \,.y__. ,, __ 

a variance from 5 1020.32(g) and were labeled for extremity use only. As the *I.,. .- .I_ ,._) “d.,,“, I.. ~‘AX .A<: ,” __ “**, ,re.\ 

size of the opening on systems for which variances have been requested has .y ̂ .-i;,L;r- ,*,“_ *, ,+“.:*‘.“.. \ ir li 
: 

increased from about 20 cm to 35 cm, and manufacturers have increased the .’ _ _ (l-s”_-- 1 ,I* ‘. i , ., ‘, _ , ( ( 1 / -, ,-.-*w\ i \>, “j s,,.- : l*;l-...*.,s / ‘i”W.1 L4;“1 i r; x . , _) /,” _ “. , .* ,,^ 

radiation output of these systems, the agency has become concerned about the -_ __ 

loss of the skin-dose. sparing properties of the MSSD requirement. In additio.n, ,. .,^ -.‘ ,“7, ,b 

because a variance is granted for a finite time period, renewal of the variances~., _I _ ,, , _ _ . ,‘. ..a ., . * . <._ .smiy*,. , ..-. XI^ ,_. “.‘“. . 

and the reviewing of new conditions,. for ,use present resource implications for 

FDA and the manufacturers. L.. -‘Y.-“L,-.-, .*/. ,a , r. . . __ ,.. ,, ._ .1 _ ,_,_; __ .,/ ,._ _,_ j , 

The justification for a varian&+.m $102f).32(g) used by many _. 

manufacturers, of these’small C-arm systems is geometrical .scaling. ./, >/l*l,> 1 ? _“.” .-),a. ,; ~“wd;*r.r i, * I *.w ~, ,“,IAr%$ 3” i .^ ._ 
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Manufacturers have stated in their variance.apipiications tbt.the~M,S?~Q.Ss _, _, ., * <. ,, .“*.,“/ _.d” _I_I .., / ,.-. .‘*i .,. VI 1+** .aw+ %b&& %;a, .&;-hmh.**.& .,.*, :,sir *. * -.-vi .<” *.r ., . _ . .~, ._ , ,, ,_ (_) ~‘) ~, _. I< 

proportional to the source-image receptor distance in comparison to full-sized 

C-arm systems. Although extremities can.???.. cp$~$@tq sc&? geometrically 1 

in a similar manner compared to the trunk or large body parts, other body - .._, a,, “, 

parts do not scale in,suc,h, a qnn,eE .a$ to maintain a similar skin do?e. For ,ye;. -. j”” j.i.h!,- ,-(+*,+ _., w ~,:,lt~:~-,.,.“:,~:. P~--~..Y‘~ I .““‘,,*p <. -.*,y . . .“;- ,.<_ ii ., ‘,“4, ‘i.., “..y”., 

the source-image receptor distances us.e.d in these systems, evaluation pf this > ,._“.” i,-’ ,I _-~. .‘“” 

geometrical relati~ous&ip shows that the-factor, by which the entrance A&R to I 

the body part increases over, that for thinner parts, increases significantly as %I’*.* ^ - (1 I< -ri”.,_‘,“r .,% / .-G*s*-., j 

the thickness of,the body part being imaged reache? over 35 or, 15 .c~& T&t:, ,_ I 

increase reaches a factor ot.two for a thickness .@ ?q ~2 ~~~.~~,in~:e~~~~~~a~idl~ I ‘_ 6” ,.., :*>*, ;* -la- “do, ^Iri x li ‘“” . . . . <<’ ‘%$ {I,, ) 

for thicker parts. In their original configuration, these devices had a.xery small 

opening and could not acco~~~~~~d~~,!e,~anything other than a limb. Thel,atest 

configurations can easily accommo.date the who.le,body of a neonate ,or a 

pediatric patient. 

At some point, these systems no longer represent small C-arms for 1 . /_ 

extremity use alone but are simply slightly smaller versions, of conventiLonal ,_.. i ,. . _ ,,,!_. ,__._ ,I_, 

C-arms for wholebody, general-purpose examinations. IfJhesystem can be 

used for whole,-body examinat~ongurposes, it should meetthe, minimum., , 1_ _ _ , _. ” ._-_ 
I .</ .\ 

radiation safety standards applicable to conventional C‘-ar<m~.systems. ‘-Through 

the variance petition process, FDA has limited,the,s.mall Car-m systems to 

extremity use only. 

TO incorporate the protection, provided by the conditions imposed by the 

variances and $0 incorporate this,requirement in the performance standard, 

FDA proposes to limit the so,ur.se;skin distance to not less than 1Wmfor ,i- .&i i;.,4.&..l,,i ‘-.~~,‘~~~~;::n;.~~~~~~~ L &*d$&i*, 9;r; i ;‘& ; 4 J,.,* &~.c”i +:‘: “$> .a6 -;&p$j, ,,~ a% .-.<: :: ._ i ;“” / .‘\ jl ; I x,, ;. 

fluoroscopic systems having source-image receptor distances of 45 ,cm or less, : 

Provision would be allowed for systems designed for specific surgical ., ._ ..Jl.,_, ., .I ._ .,QVI..b ,. 



applications to be operated with 3 ~~,~~~e-+&j~‘ ‘?” .“‘.’ ‘*’ I’. ,. ” ’ ” n ---- 

for imaging extremities only. Manufacturers would be required to include < ),. ii ̂ “.. _ +lxi v:( ,, 1 rj - - 

appropriate precautions in the &formation provided to users”und.er .&V. ,z.:i , _-..,- .,. “I .1 

!j 1020.30(h). 

K. Requirements for Display of Fluoroscopic Irrbdiation Time, Air Kerma Rate, 

and Curn.ulati~~~~.~i~~Kerrna (5 1020.32(hj y~d,Pyyed,(k)) ..^ I,“.. Yi ./, ,I~ ‘, 

FDA is proposing that newly manufactured fluoroscopic systems display 

directly to the fltioroscopist information relate$,to Jh<ee funfi~~e$$~spects 

of patient irradiatipn--r, ___*.* ,& ,.., &, .i,2F,i f ,, ‘.. . , j ; , the duration -rate and amount of x-ray emissions. ,, __ ,_, ,, 

Generallv. fluoroscopic systems do not currently provide such informatl ion at 
J ’ * I 

all. Irradiation time AKR, and cutiulative.air kerma ,are basic radiological . . . ..P 

variables important for medical radiation protection. Their,values may be 

applied to the proces,s of optimization (i.e., obtaining radiological images with 

the least amount. of radiation, required), to the assessment of radi.ation., ~_ _ ,_ ,. I.... , , , I‘ I 
detriment as a factor affecting patient-outcome efficacy, and to the ./ .+,, ..l” _ ‘ ‘“I ,*(.f, ,.>lrii*. 

development of reference levels representative of normal clinical practice. * *.__l_ ,*,r.kr’ jx*a*< 

Optimization, efficacy, and reference levels curr.ently comprise a conceptual , +I/. .,,l..,iu*,~,,‘,< 

vanguard of radiation protection ip medi@ne at the international level (Refs. ,‘- i ..,I /1/11.. i‘f .+:ie “‘i;“.*“Va~~~.;,r:.“~l~~~~i:i :2 PC<“,??:.+ il ,~)_: : _“^ ,. _.. 

14 to 17). When monitored in the- clinic, irradiation time, AKR, and cumulative l.l..a, II I . I’ ‘,., ,, 

air kerma may be used to indicate%ri,s,k of acute~ skin injury arising from ~. a*.,. ,,r... -“,.~,,‘i~~~.‘.r,“~j~~; *a ‘ i_ ‘,/ 

potentially prolonged irradiation associak%! x$..,,s~; .jl .., /” ‘,S, A_ 

procedures (Refs.. .l,e jq~,TO). Values displayed directly to practitioners as an 

examination or procedure progresses can feed back t 

burden, and practitioners ,caqrespond promptly by adjusting protocols and I .“_ 

techniques to minimize dose to patients and practitioners as practitioners (.” I.~ *. *. ,,l..>~‘“Y.,.“.,~,~ 
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optimize radiation levels necessary tar mediCal ,lmaglng. -,^ / .i ,-, . . * ‘i.,% /rl<.ls i\l:nr,“,., y-*,.:>n*; ‘$ 
*; : *ox .; ;;. 

Moreover, for 
i: 

fluoroscopy and radiography in general, knowledge of irradiation levels at 

patient skin entranceeis an essemial.starting place for evalsatidndf”~~~brb~~, j I ‘._i/ .“<_ ,l_‘,,,lj .i.;.,\,,<#.x IAd .,‘&,.i _- ,, ~.__ -’ 

dose to internal tissues (Refs. 9 and. 21). Such doses are stochastically linked :.. + 

to cancer morbidity, mortality, and to genetically transmissible defects- (Refs. 

14 and 2.2). Estimates of cumulative doses abs,orbed in-tissues foster risk” .; .-I, <,.,.~<*-. : :.^ ‘%:’ . . . . (, . - . . . . 1 -, _,: ,‘r ~,~ -.* * . . :. 

communicatiorr between, me~dical staff and patients’ and, when tracked over ^ ” ‘ .,,,.- *.- y” ,_ .d’+. ( _; ,L ,_i, _ )_. . 

time, are effective indicators of practice consist,ency, variability, or anomaly 

in the quality assurance activities associated pj&~s~,gjng the safety of clinical 

procedures. 

The need for displays of irradiation variables*wasrec,ognized at the 1992 
,. 

national werkshop on safety issues in fluoroscopy organized by the ACR and 

FDA (Ref. 8). In October 1995, the need was also recognized internationally 

by the workshop on efficacy and radiation safety in interventional radiology, 

sponsored jointly by the World Health Organization and the Institute of 

Radiation Hygiene, Radiation Protection Y.&istry, ‘Federal Republic of 

Germany (Ref. 23). Recently, requirements for displays of irradiation 

parameters have been &c,crp?rated into .an internatlon~l,,stan~“~rd for x-ray 1.1. .A,_ ._ “.ii,. ,,“. i, 

systems for interventional ra,di,ology (Ref. 24). With the advent of,com,mer@ally -- 

available and. relatively inexpensive means to measure ~g$j@play real-time 

AKR and cumulativ,e ,air~,kerma produced by fluoroscopic systems (Ref. 25), 

it is feasible as well as desirable to require that this,information bedire@ly I . .I /I I, . > “I/” .I, ..I ‘>,,C ‘.4m ,., I* ,, a i 1 _: 

observable by fluoroscopists at their working positions. 

-_. 1 . 

The Droposed display requirements 
.I. 2. A4 * would apply to all types of newly 

5 - . ’ ‘i.e., from systems found in cardiac ..“. .. manufactured Huoroscopic equipment (I ,..~_ . . . “,. __,_” ,I 

catheterization,, sujtes, to equipment use.d,.for,upper gastrointestinal 
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fluoroscopy, to “mini “’ C-arms;and also to each,fluoro:scopic x-ray tube as part 

of any system). FDA invites comments, about whether these requirements I, ., ~ _,_ . _ .F.\<... z ,__; I ,<l,ii;.*~.- . . :A&* -;: “.,I( ‘k A:; Ti>i.?~~,. ..“.&l. 

would be suitable to all types, or to a limited set of fluoroscopic equipment, - -+,ce .,,- _ .fX 1-. j,.y_.d_.~_./_” 

namely, to stationary C-arm fluoroscopes that are typically used in 

interventional procedures. 

1. Fluoroscopic Irradiation Time, Display, and Signal 
: ,/ , “. 

Fluoroscopic irradiation time..is profoundly tied to patient dose in a ,I #, ,, I ” ” __ _ 

complex way that involves many other factors (e.g., see Ref. 26). FDA believes 

it advantageous to require that mmulatke iw$i@n.%x? ~a!ue~ ~~~4~~~~g$&~ r . . -~, ,.I ly.l, I 

in their own right, in addition to the other.~variables,-cited in the proposed ^.%_I 4”“_*,~1_..~>.i ,>, _. 

§ 1020.32(k), as radiological parameters whose,cdntrol would facilit!ate I 

radiation-protection optimization. Physician members of TI$PRSSC pointed out 

at its September 19% meeting that irradiation time is.the single fundamental 

variable over which a physician using fluorosc,opy has’ the most direct an,d. 

easiest control through activating or deactivating x-ray production, typically 

by means of a pedal switch (Ref. 27). 

FDA proposes to add § 1020.32(h)(2) to the regulations to change the 

current fluoroscopic timer requirement in twoways. First, § 1020.32(h)(2)(i) 

would require that the values o$th,e, cu_m,ulative irradiation times associated j ̂  “I x i .,.. ;iim--~~~,*;;~~~‘::;- ;.r~~,-~~~;:~~i,,~~, .* ,J , ‘“& 1 6% ‘,*:*,,,h>*:‘ :~~,~~:,W,~~~~:.t /.- ; :, idl* ) (, L/^ ) 

with each of the fluoros,copic tubes of a system used in anexamination. or 
I 

procedure be displayed to the fluoroscppist at his or her. working position. The 

displayed values would be indicated from the,!beginning, throughout, and after 

an examination ends, available until the cumulative irradiation timer is reset - a*- i-Ni(ih*.,.-i**,. .4+*x-..- lb ,* l*ir;q”k*,r “-I.?- <<1, d-v”,, -‘-: .,~~3:~h& ~-~,*‘i~~,~‘,b.r~~., i;..>i;..U?. <-, . ” \;. : .,m. 8 “s-l . 1,‘ 

to zero prior to a new exam~natio.~!..,~.econ!., .§.lo+Wh)@)(ii) would require 

an audible signal cycle different from th,at. of, curre-nt equipment for e.ach x- 

ray tube used during an examination or procedure. Contrary to the current 
j , 
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provision that allows the t&ring device to be $e&$to ‘any interval up until 

a maximum cu.mulative irradiation time of 5 minutes, FDA proposes that a j. ,,. “&/ /‘., ._^\ 1 .‘$ .,a.. I\ “-:a. ,, .:,I$> ‘.a ilir “~‘I :; <*.~~+s~%+$*~ i(c-(l j .r. .~,;- ,,_ .‘ 

signal audible to the fll,q.o$gszG,opist sound at each fixed intg:,yaJ of.5 I@&$?~.~~. ,.I. .j/‘.. .,.. <<“___ “..,,, ‘ _., > ;. _ 

of irradiation time. Also contrary to the currentrequirement, instead of 

sounding until reset, the audible signal would sound (while x-rays are 

produced) for a minimum ofon~y 1 second, after which the signal could stop 

until a subsequent 5 minutes of irr,achation elapses. The audible s,ignal would 
’ i 

not affect the production of x-rays, the display of cumulative irradi,ati,on-time . ,.< . __^i_ , I _ 

values required by § lO2O.S2(h)(2)( ), i or any of the other displays proposed in ’ I 

§ 1020.32(k). 

Considering advice offered at the. 1998 Tj$$@C,meet@g (Ref. 27), FDA , “.S . ;.,,, 

now believes that a fixed, standard (5 minute) period for an+alert,,signal would 

avoid potential confusion that could ensue $ith a fluoroscopic timer that is ^ .” .I ., %. ,. __>, * ,‘ ? “Ij _ ..I,,“x .‘ ( .l I ei -, ., ., ,+ d. )V# “L-c. ,,yi 

variably preset. For example,‘such confusion: could aris,ein a busy clinical 

facility with many different users: where fluoroscopists might not be aware 

of the need to readjust alert intervals that ha.d-been changed previously by 

other fluoroscopists to accommodate the, indjv&.duaJ protocol requirements 

associated with particular patient examinations.. F’urtherm,ore, FDA believers 

that an audible. signal of short duration would be a more’effective and useful , I. ., #A( >_ <.“,I.. A._ <,%lbi) .j , ” il.., _“~ ,,;,,; :^.i? i ,,^ <pq;, ~;)~..“r,,~ ;p+“-. _ ,.I I”_ , _, 1; #& __(/ ,_ 

alert than a signal that soun_ds continuously, requires a reset, and therefo.re, .M ._... “,_< .__ .a-, 

could pose a distraction to users; FDA seeks comments about the audible signal ‘%” ‘ , ., *! + j “/ L,%. ‘,&,, _* c_ _ j: ;, ,I: j / , I‘- -. ‘.” “i -:““I. <.’ /.,, I, 

cycle in proposed § 1020.32(h)(2)($), particularly in comparison to the 

suggested alternative belqw that is, not, currently in the proposal. _,,j ‘.:.&~” ‘“?S” w. ” 
! “’ 

As an alternative”.approach, the selection ofthe~t&e period until the alarm 

sounds could be at the discretion ,of the fluoros8qopist. The timer could be .^ 

preset to any period (less than, equal to, or greater than 5 minutes), or preset 

‘_ 
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even to not soundat all, Under this approach, before an examination or ~ I _(, NI \( 46 I) ..**;*i d” 

procedure, the fluoroscopist could select a period beyond which’an audible 

signal would sound,until,the,~~~~er could. be reset (or else sound briefly then d * a-, .I * _&&” -._ii__*“,~,/“i 3l.“d,*. __ i ;\&u; a**:.; , , 

remain silent until the, preset fluoros~copic period elapses again). Presuming 

clinicians maintain personal cognizance of fluoroscopic timer options and 

adaptability, such alternatives would offer them flexibility and opportunity to . ,.,^,“.“._ I ..,., n/V1 _.a - .a.. U”,_ 9 ,,.> *“,n,.~.~“.,,,> >,*** .q.sm;“L”ii j* 

apply standard features of equipment operation to.their own individual~~linical, 

protocols and practices. ’ ! , 

FDA also seeks commenton whether the display of the cumulative _., ..+“a.,.,. .,.. 1 ./.> .ow “.. < ,“*,*,,*, +$ L 

irradiation time should be,vi$bleOt,o the fluoroscopist at his or her working “, ;i. -wh”j ? ..c;;< ,*>; ‘I$’ 

position or whether it,is su~f~cienttp.djsplay the cumulative time at the control 

console. It has been suggested that this display should be available to the 

fluoroscopist to permit constant monitoring by the fluoroscopist. Other 

opinions are that such a display at the working position‘ would only add 

confusion to an already complex visual environment, and display of the 
‘ 

cumulative irradiation time &the x-ray control would make the information ,~‘j~._~y 

available in any case. Display at the fluoroscopist’s working position may be 

slightly more complex or costly than display at the x-ray control. 
s 

2. Displays of Air Kerma Rate and Cumulative Air Kerma _ I : >, ./S, ..<_.p ,“. “‘,i---*.)*1-‘II.,i-..I..~~u -,t. i..,.-‘ 4% ..,L Y ‘.-.‘,,.~..-; I , _ _j,_ ._ __ ‘_ _ “i ,.,, ..r,l.r,“~ 

FDA believes that a requirement for displays of AKR and cumulative air _ 

kerma values would significantly advance the optimization of radiation safety, 

in consideration of ,recent developments in clinical practice and technology ._. 3.. _,+ 

(Refs. 23, 25, and 26), an evolving consensus’for atradiation-protection 

framework (Refs. 14 to IT’), and specific guidance (Refs. 18 to 20), Air kerma 

and AKR are fundamental radiological quantities of the amount and rate of _, L. “al ,/“/ “._S,d 

charged-particle kinetic energy liberated per mass, of air traversed by incident 
., 
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x-rays (Ref. 1). For this reason, FDA jjroposes “to add $ i’O20.32(k) to require 

that all new fluoroscopic systems be capable of ,displaying real-time values of /. 

the AKR and cumulative air kerma delivered by each x-ray tube at reference v . ..” .-b 1.). s i hj P $*;ria~.~4%~r..~ ,.*,, ~-..~.~““,,~~,~.~s”~““‘“61;1;‘ 

locations representative of x:ray beam entry to the patient skin surface. These 

displays would be directly discernible at the fluoroscopist’s working position, - . / 4 “.*_-a.j .A ,,_. Crrr” 

and the displayed values wou)d deviate by no more than $25 percent from .I. _I _.T (. /,,_/ >, 

actual values. To elucidate these requirements and,th,ose ,of the other proposed 

amendments, the definitions of the terms ‘ ‘ fluoroscopy,” “mode of operation,” .T. . . . . . a.* ._I ,,i , /_ -;, “,.&, .B ,.“, . . . 

UllU ‘u”‘v~lur^‘J . . ..^_ r--r--,--.---” I. The utility of the display 
:  

reauirements could be broadly leveraged among practitic 6ners in a variety of --I-- 

clinical settings through familiarization with relatively standardized display - / .I , . _ 

formats. Such~standardization is proposed in. 5 1020.32(k)(I) through (k)(Y), ” .,. lll.l d%.“/ _ ,.,r~.l.,.xir,,.~:~*~~~,,,~~: ‘,(r*,, 

where the particular requirements proposed conform generally to those of the ,: 6 

recently published JEC standard (Ref. 24). 

During fluoroscopy or while recording images during a fluoroscopic 

procedure, the displayed value of the.AKR would represent in real time the 

magnitude of air kerqa per unit time being delivered at any geometrical point 
; . : (. . , _ 

within a specified reference, ho,~us, Th+e2,,&played value of the cumulative ‘air 

kerma would represent a sum of two parts: (1) The fluoroscopic AKR integrated 

over an interval until-update, and (2) all contributions to,tF;e airker”ma, (at 

any point in the aame.,reference locus) from radiography ,o,ccurring in that I* -i 111” I/_. ,<>x-< .>r.&u< . . ,_. _ 

interval. The cumulative air kerma would be updated throughout the ‘ “.) ., j.“, i .hi, ./\ !, -4, ,;‘I *TV, ‘L&i.<‘*&< ;I,$?? L 

examination or procedure, and the integration interval wo,u].d...e the time -, ._..j j. _, ;_,, _ I 

between the start of an examination or procedure and the,end of the m,ost ,, /.-_ “. ‘.A- brr *-hi .“f _:“*l^l:lQ ~yii,~&..*ilu 

recent episode of either fhroros,copy or radiography during that same 
I, 

examination or procedure. 



For each x-ray tube used during fluoroscopy or, during recording of ,, 

fluoroscopy, the value of the AKR”wilJ &~-displayed. After the c.essation.of ,. i ,_ 

fluoroscopy, the cumulative air. kerma,,v$Qe~ ,$?pIayed and will remain, 
,- 

displayed until the resumption of fluoroscopy or a radiographic mode is 

activated or the display is reset for a new patient or procedure. Thus, the 

cumulative air kerma-will be displayed after x-ray ‘production ceases from _.._/i, /,, 

either fluoroscopy or radiography. 

Values of the AKR are displayed at times. other than those for the r,,“-r.*-r.~l*i-i:n.,r7i,‘ t., i ‘,:d*..: ..,.._ I _“(, o,. _~,,. /__. ,,_ ,.~. ,L *.__w, ,.. 

cumulative-air kerma in order to underscore the distinction between these two ._ .,.., ““c.xI” *, ICI .,.. I‘ _* .t,..+wa, “2.. ..‘a%. “i.,.‘r~2<v*~+ + *?z.,s; &&.~&,.&,, ~?j~~.~~~.:p,_::.~“: ““: , :,,;,<:;: ~ __ ;, .:“;, .,;<,,$ ;&-;“:, ( .?$ .” ,! ‘” ;<” _)’ -,-,, j ,L.i 1 ; 

variables and .&o,to,*reduce the potential for ,q,%r!$gt&i,ng the fluoroscopist “.. “(> “.ji_l_ l”,,l.* ,,,, ly. 

with too much i,nformation presented at once., At any particular moment during ^A., ., ,‘. ,._* _,” 

an examination or procedure, only values of the irradiatio,n,,ti,m~e ‘and AKR.(or .j _, “~:, ,,.._ *,/I-,.; , . 

cumulative air kerma) would be on display for each tube used, If, for example, * ..- w. 
,. ^i 1 .- ‘. . . j ,. _ . 

a biplane fluoroscopic system were used in sow &rdiac cathete&$ipn_, ‘,,. rJ :,,, ___ __: .~ ?, *,,~, .jj., ,, ,~, j,, _I ./~, *~^z_/ls S,” (sr_.l , - j .>. I..j.... ‘V clii>*-r l.,r.,*i-i*r” _ 

procedure, two separate sets of va&?s-- one set for each of the x-ray tubes of I~“.h*l*‘dvn .,., *. /.,_ -1 ;.&% 4...,,6 l.j:.,i/ <i,’ * ,&..a& :,.” .ii 

the biplane- would be displayed, Under such”,$rcumstarmes of multiple _( I*.i,.n.,;ir.“,r.,.en.r?-i:*o. .,... ,,r _ v. ,.r..,L.:,, 

presentations of,r.e[lated information it is important that the values #played ,a .Il;l/ il.6 .>..Hxl~~*kt”,*,+ .,w*‘~.~:~:~.$,i. ma,;,? ” _ __ _,, 

be distinguishable enough from each other t,G.he.s9,@ly recognized and 

associated with the different, radiological variables,. they represent. For this _A.,. ,.% #, /._i. >“.L *~~~-.>r. rl”-* ‘i(N$:Ls”$t a*. ..v*zu>*:~ 

reason, FDA proposes in 5 1020.32(h)(2)( i and (k)(3) to require that the units ) 

of measurement be.,djsplayed as well as the vahres per se. FDA also proposes 

in § 1020.32(k)(1) and (k)(2) to require that themeasurement units mGy/min - ~1.1 _ I> , a.*.. <L_ I*,3”i_ aL .*_> iVMI/ .,Y i:;*: ._: j. ‘ 

and mGy be displayed respectively alongside the values for A.KR.ar$ .:,. ,, __ i ,“. , , ,., _ Jo __ 
,t.> 

cumulative air.kerma., These values would serve as a labeling distinction to . ir. %. “.,b.,.,~.!;d, ..A I’(r“.;“L- :,r~’ “~~..~‘,-.,~F. b,.<“<,. ! ~~~~~\;,“:~~,+~ &-jQ,” ““” .“,;y”; x / 

preclude potential confusion, ofthe~,quantities. 
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As measures of fundamental radiolc / .,....- _t__ .* .,“-~.‘b~-r;xi~,I~~.“J~~,~;~~r 

of AKR and cumuJative, air< kerma would refer to free-in-air 1 h ~ ‘ .,1 ,. ,u -i,.‘t. “P ,_I .‘:-~“,.,~,:.~~i;~..,~,~~~:‘~ :” ; <y,. “..)i* yT ,” a.” 

conditions (i.e., their evaluations would be made minus any contl ‘ *., __II ,..a+.“+,“rx* .xI1.“a ,. *.+.,8.a,~* ,“-“.,” 
_ ^ 

-h-ns or 

patient (or scatter radiation, particularly contributions backsW&re~ ,fro,m a 1 .: ,j” _,_ 

from a measurementr phantom)). Also, the displayed values would refer to : 

_ .ayed values 

irradiation conditiops, at,-a, reference Jocation (i.e., at any geometrical point ^ ‘ ,. 4‘ __-, *.. c,x, :*, i I ” ,c- .*_I F,‘: / ._ , _ 

contained within a specific reference locus defined act -. **;,*,A ,.*M”. ,.1’,,$ *“. _, * , 
cording to the type of ,-.A * ia,& j !M * 

fluoroscopic system). Each reference location .is. inten~g~~.,t~.fepresent, at least 

nominally, a place of x-ray beam entry to the” patient skin. For fhoroscopes 

with the x-ray source below orabove the.,,ta@e,,or, of.the,lateral type, 

§ 102o.Wd(W > i would have:,skin-entrance reference locations corr,espond . .,._ -._I __. ,. .._ I, .:,. ..t,..:rji.r ‘,!.. I%._ x___d_ r w/>~s..~, ., ;,r’..:pc<~~m ,,*,:. 8: 

identically and respectively to those specified in §‘lOZO.S2(d)(3)(i), (d)(i)(ii), 

or (d)(s)(v). These locations define. the geometry for measuring compliance 

with the regulatory maxima of the,, AKR. ,_ ., 

For C-arm type fluoroscopes, however, in many cases the locations, 

J.- 

;. 

F the AKR, 
v  I 

1 represent where ” 

for oblique 

nrnnnsd fnr measllrine comoliance with the regulatory maxima OJ 
r”“r-““- --- --- - 7,y 1-“zY--o - - 

given in 5 lWO.32(d)(3)(iii) and (d)(S)(iv), would not suitably 
” .- 

the x-mv field enters the patient skin. This is especially true 1 
---- -_ --J 

_----. --~-- _~ I __ I 

angulations and exte,~.~ed...bi~~a~,~es between the x-ray source and image ,A .“” l> ,: 11.18 -( “$ ““.1 .p~~pea. ,+ ,: “i”,“, ‘ *-,. 

receptor. Therefore, in § lO.Zd.32(k)(S)(ii), for C-arm,systems, FDA is proposing 

a skin-entrance reference location for display quantities that is, different from ,” / _. , ,/ ~ I ,; L. < -&ew ye” $ I,. < “I ,.. 

the location for measuring compliance with regulatory AKR limits. For 

evaluation of displayed values, the skin.-entr_ane.F~~~~~~~~~~,l_ocation would be -*-nuiid.iu lrr.~6*:%~~i~.*~~~~.,~~~~.~~,“~‘:, ).,‘- 18” id- . ..‘ .( id*>- ,nd L//is/l, ‘. 

either 15 cm-from the isocenter toward the x-ray source along the beam axis .--.- . I... ,.“, d.l.,._, _ ,./ *_ _,-, i.i.r,~i.;,~l.ri-.: “, _*“;*“__ . ...: / <.i ,_ 

(irrespective of angulation) or, alternatively, along the beam axis at a point 

deemed by the manufacturer,,,@ represent the intersection-of the x-ray beam I .,/ “4 i. 5 i*,.,*. 
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and the entrance, surface of’.the patient skin. A ‘definiti.on.of ~‘isq~enter’~ is: _ ,” ., j _ . .._ ,. 

proposed in § 1020,30(b). Proposed § 1020.32(k)(5)(ii) would allow i 

manufacturers to choos~e either the Is-cm locus or specify the alternative. The : “< ._.* a<” (_ * .,. ,e. P. j ,: _ ‘-,“k _r^* .*<: ..“’ pm pcm7:\;,. 

alternative locus would offer manufacturers flexibility to provide systems that _ < /I l,~. _,.‘ .$A ,,., > _ a,_ /_/_I _ 2% _x ~,r/.:,,:*‘^,.!* :; i,*,~ :-<.I’%<:?. *b&c 

could evaluate AKR,.and cumulative” air kerma in closer proximity to actual ,__. *“r A\. ,, ,*, _>_ 1 a. -.,. “u.il~~urri”~~~~“,~,~. ? _( * ‘” -r lBqi+%-cMjirya;;l rl’$,, ~~&~~~.:j: 2 6 

places of x-ray beam entry to patients than could, systems with reference skin .‘,.IIX._,I_“_ , ^ 

entrance defined generically at a Is-cm locus from the isocenter. ,Analtern$&e (_ ” ‘,,- 

skin-entrance reference ,locati:on may be particularly appropriate for mini C- I 

arm fluoroscopes (i.e., those with SID less than, 45 ,cm? for which the 15cm 

locus from the isocenter may be physically unrealizable). In any case, new I.., _ 

paragraphs § 1020.30(h)(6)(iii) and (h)(6)( iv would require that manufacturers ) : 

identify to the user the spatial coordinates, ofthe irradiation location to $$h _, )~- / (,, II,, (ti _ .‘.. * _* _,,,_ “__/>“S” _,_;, “**. _,.-._. / *j 111 “, 

displayed values refer and also provide a rationale justifying any reference 

location identified as an akwatiye tp .t?~e $yt& !,g.y~,.. 1 I ,,,- __ 

In patient examinations or procedures with,C-arm systems, one possible 

result of having reference locations” of ,x-ray beam skin-entry different from the 

measurement sites for AKR.,co-rpliance is that displayed values could actually 

exceed the regulatory maxima even though the system is fully compliant. Such 

a situation could ,,aris,e ,for some irradiation geometry when the reference skin*- *. . ar”,*,.%:..n”t~< a>.*, 

entrance location is cl,oser to ‘the x-ray source than is thesite for me.asuring ,:>m/‘+_~ /..Ul,,j,, 

compliance. Displayed values of the AKR and ,c~.~u.lative,,.~~r,ke~~~~~,~,e;!~. _ __ ,_ ?: 8 ., 

intended to inform the,,,flu,or,ossopist of radiation burdento the. patient. 

Conversely, the AKR regulatory maxima, practicably measured 30 cm from the ,. 

imaging-assembly input, according to § lO20.32(d)(3)(iii) or at the m”inimum, 

_, _ 

SSD according to § 1020.32(d)(3)( 1, .,,” j i iv are intended, to -impose upper limits on !. 



radiation putput that are compatible with the: h@el; ne”eded..by the imaging ^ 

chain for adequate fluoroscopic visualization:. I I 

Reset of the displays to zero would occur be@veen, sesz{,ons v@th~:s,uz,cess$e I , *I 

patients. Before reset, a final value of the cumulative air3 kerma, may serve to I, ^,(.I,_,” ,,,.__,. 

reinforce an association between the culmination of a radiological examination /,* c*.,,. .a /a. _k L.i”ri..,p,,l.!..l. 71 # ..w***: i 95Lr C-J, : _I,:.. :w :* *v)i :*,a.;#{,,& _ __ : 

or procedure and the radi‘ataopburd~en incurred by the patient. FDA believes j J >A.. ., .*,,* I, it ( .<‘& ,.d 

that the availability of this value would greatly facilitate the implementation 

of previously published recommendations (Refs. 18 ‘to 20) on recording 
> / 

information in the,patient’s medical record to identify the potential for serious i . .,I__ ,s 1 >/ 

x-ray-induced skin injuries in order to avoidthem, 

L. “Last-Image Hold” Feature on..&qrgScopic Systems (Proposed 5 1020.32(j)) 

FDA proposes to add a paragraph to require that .a11 fluoroscopic x-ray j ., 

systems be provided with a m,ea,ns to continuously display the last image ,\_a. _Ixi j >.*_ i.- .“.I, /e*.,. ‘+.+,i*,,” / s&*~o,‘i 

acquired prior to terminationo,f,exposure. 

The wide availability of electronic methods for the, recording and 1 I‘ L ,^ I. 

displaying of video images makes possible the provision of a “last-image hold” 

or “freeze-frame” capability on fluoroscopic’x-ray’systems. This feature allows 
‘/ : . . 

the fluoroscopic x-ray system to continu,o,usly present a static image of the last 

fluoroscopic scene captured or presented at termin,ation.,ofthe fluqrogcopic 
: 

exposure. This feature a&o provides the user .v@th, the ab@y to conveniently 

view fluoroscopic images without continuously irradiating the patient. 
I 

This feature is, especially useful in procedures suc,h as fluoroscopically- 

guided needle placement for:biopsy or drainage, catheter or tube placement, I I 
i 

and other diagnostic or therapeutic interventional procedures. Systems .;,,. Iv ,. _._.,, 1 ,.,_ 

provided with th.is. feature, reduce fluoroscopic exposure times while enabling _.. _l( ~1 _“,,. ..,. __,> .b,~, I,_” u 



extended examination .a& planmng during nuoroscopicany-gulueu _4 / ,?, .I( ‘._ ,.., / 3 ..j.., ,~ _, , .,__, .“. 1 _. 

procedures. 

This capability is provided as,a basic or,.o*ptional feature on ma*ny currently .; : 

marketed fluoroscopic systems. Many individuals have expressed the ,opinion 

that because of the radiation dose reduction afforded by such a feature, it . . “__/ .+ _I,j>“.% . . . q* -aa. ,“, ). % ./il_*C.IY x,*ai ,**z.,“~,Az%*~,~, ii,~~~~,~~~~:~~,ij,-- ci 

should be provided on all new fluoroscopic systems. Such a recom,mendation 

was strongly endorsed at. the. wo.rkshop on fluoroscopy in 1992 (Ref. 8). In 

addition, a requirement for this capability is included in the recently published 

IEC standard for the safety of .x-ray equipment for interventional,radi-ology (Ref. ” _,_ 

24). Establishing this requirement would assure that all new fluoroscopic ^/ .“.. 6. ,“__h~~,,j‘^j,,/_,~ .( __,&,..‘ __ ,_., *,.a.* 

systems have this patient radiation dose red?lction~~~~,~~~ra.,~~d that it is >” ,.a/.1 ~ii<*i~.xuyy. / ,,_ ,,. .., ,_ .,, ̂ , ~_ 

available when its use is appropriate. Without such, a requirement, some 

systems may for economic reasons conti.nue~Jo~be purchased without this 

feature, thereby denying dose reduction benefits to ,patients. 

Proposed § 1020.32(j) would permit the displayed image to be obtained 

from the last or a combinatio,n~of the last few fluoroscopic video frames ..I.‘, /,. .,_.lj. ,, 3, -I.. ,% ~~ ,“dC II ..,.. i, ,.?‘* ~;rM.~n-x*,*~%“+b %; 

obtained just prior to termination of fluor,oscopic exposure or by an alternative ,. 

implementation via a radiographic exposure automatically produced at “I “), ,.jll /Y ..‘.+:” -. ,,_,. CL:*: 

termination of the Quososcopic exposure. Comma&are s&itied ~~~.~.v$E@E 1 ,_, ” 

these approaches to implementation of 1,ast image-hold are appropriate and ” i 

needed. _/ 

M. Modification of Previously Manufactured aed @@fied Equipment 

FDA proposes to add language to § 1028.32(d)(i)(iv)and (h) to make 
i 

explicit the opportunity under § 1020.30(q) for modifications to.be made, t,o ,. 

existing certified x-ray systems. Modifications arelc,urrently permitted as long ““..j* .I “r, 

as the modifi,cation does not result in a failure. to comply with the requirements . ,, * ,... ,-.* _,a _.,._ 4 .,.. el, I- . . ..L _<^“& . . . . Ni” L?..,*lr6’);,.‘,,C,,.^,~~~~,~~~,,,~ 
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of the performance standard. changes in performance resulting from 

amendments to the performance standard often result, i-n spha,nc~~drad~~;itiqn,. 

safety or features not available, on previously manufactured and certified 

svstems. 
J 

The existing performance standard requires manufacturers to certify that 
; 

their products meet the applicable performance requirements in effect at the 

time of manufacture. Therefore, amendments to the performance standard are 

generally not retroactive and effective dates ‘implementing the standard are 

specified in the regulations. Usually, a l-year effective date is provided in 

order to allow manufacturersatim”e to-adjust manufacturing and assembly of 

their products under the new, or .amendedreguiatibns. Indeed, it would be 
, : 

unreasonable to require the manufacturer to Fe@@ or tq ~~emanufa~&~~~.. _ L ,‘_._ , _ _ . . 

previously produced products because of a change in the standard for 

equipment that could have a useful lik d?P~~. q~c_;,gore years I 

In particular, the performance requirements regarding maximum exposure 

rate limits (proposed to become maximum AKR limits), established in 1994. 

(59 FR 26402), and the proposed requirements in § 1020.32(h) for fluoroscopic 

timers are requirements or performance featuw .thH ,,!Eers .sf LM?? , I. __, _. . 

fluoroscopic equipment may,wish to implement on their systems. The earlier 

nmendmant in I 994 and the current monosal annlv to new eouinment uILI,,..*y*~*v-*~ --- - - - f ,~^-- _--_ ~,-.-; -,:-; I- I I L ,J A L 

manufactured after the effective date of the amendment. The language _ .a, ., / +,p “,.,. “ ,,I; ~‘ / c-----i %,.~rJd.+*.vL‘rX, ~;ln;.~*“.m-u;~.~,. ,s, .!+&*~d%>w 

proposed for inclusion, in-,5 1020.3-2(d) and (h) jwould provide.a~mechanism 

for users of older equipment to obtain the performance required under the 

proposed amendments. These~ch,anges would allok ol,der systems to be 

modified,to meet the maximum AKR limit and fluoroscopic timer performance . . >.C. ..,*,. * .,‘e.‘l,lxyYr it ,.y__ .~., / e” b “-)-- .*, ~4:~ rri*ya ,_.a.- ” ~~l~:,.~~:~~“~:;,“ni~~~~,, ,c. $,“.>.W ~I a’ 

that will be required under the proposed requirements. 



The owner of the fluoroscopic system modified under § 1020.310(q) is ,, _ 

responsible for assuring that the modified x-ray system complies with the 
: 

applicable requirements of the performance standard following the ,* ln;* ._. ~_ .,_ *_,i_ _ ,_ . ” _,,‘ Ij _,._ ._ _ , ” (. 

modification.. The .mo,nif&at&n,tp ,t&, system may be accomplished by a third 

party or by the original equipment manufacturer. The system owner, however, ,.., , ,. 

is responsible for assuring, through contract requirements tiith the party 

performing the modification or through testing, that the modified system 

complies with the standard .following the modification. 

iV. Modification of Warning L&be1 (§ 1020.30(j)) 

FDA proposes to modify the language of the warning label required by 

§ 1020.30(j). The current statement warns that sa&ex,posure factors and 

operating instructions must be followed. FDA proposes to modify the warning 

label statement by adding the phrase “maintenance schedules.“. This addit&m _, ,( 
: 

incorporates the suggestion of the TEPRSSC,and further emphasizes the need 

for diagnostic x-ray systems to be properly maintained and”calibrated. I 

Manufacturers of diagnostic x-ray systems arerequired under 

§ IO2O,XI(h)(l)(ii) to provide a schedule of the ~ma$en,ance necessary to keep 

the equipment in compliance with the performance standard. The,standard 

places no requirement on owners or. users of,diagnostic systems to properly 

maintain these systems. Howev,er, the revised-wording of the warning label ./ . 

is intended to alert users and, facility administrators of the need to‘ properly 

maintain the systems. 

0. Corrections of S; 10.20.31(f)(3) and (m) 

FDA proposes to correct ‘oversights in 5 1620.31(f)(3) and (m) that~occurred 
: ., .: 

when the July 2,1999, amendment was published. Section $02~.,$1(f)(3) 
.^a > 

addresses the ,x-ray field limitation requirement for m.munographic x-ray 
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systems and § 1020.31(m) addresses the primary barrii 
i II : il,, ;,* .a < . - ” ^ / ..‘ i . L 

?r required for 

mammographic x-ray systems. Prior to September 30, 1999 (the effective date :: . . ), 
of the,final rule), the heading to § 1020.31(m) was “Transmission limit for 

image receptor supporting devices used for mammography.” 

When an existing radiation safety performance standard is amended, the 

new or modified requirement applies only to products that are manufactured - /t .., 

after the effective date of the amen,dment. Normally, the requirement that 

existed prior to the amendment is retained, in the-Code of Federal Regulations r r. .‘ /A //I(. 1^. ,, .__) ,... __, X” I. ,_.P 1 “5 ii, _” I * .“Z I ,_ ., 

(CFR) to provide a record of the requirements of the standard applicable to 

products on their date of manufacture. When the final rul\e amending 
. I ..-... ,_; ). ,_ __. 

§ 1020.31(f)(3) and ( m was published on July 2,1999, the provisions ) 

describing the requirements for equipment manufactured prior to September ‘, 

were inadvertently omitted. Thus, the CFR (21 CFR part 1020) has no record 
‘9 

of the requirements imposed by § 1020.31(f)(3), and (m) for equipment 

manufactured between theinitial e&active dates for §‘1020.31@)(3) and (m) and .V‘,., ,. . . . (j .ii.l.u4Fiirrx\ /^, Clrl^.ae.* ,. _. I 

September 30, 19%. To correct this oversight, FDA proposes to reinstate the 

provisions describing the requirements tha t apply to equipment manufactured 
-: i ; ,,;.s, , * :. ‘::;;,‘:’ ,. -- : :. 

,j 
ii(f)(i) and prior to September 30,1999, under the earlier versions of 3 1020.3 

(m). This correction will proviae a record of the requirements applicable before 

September 30,1%X3, and close the gap that exists as a resuhofthe 

., 

! oversight /. _.,I _l-,,.l 

in the publication of the final rule. 1 ._ * r, ,a.“>, ../ ,. . * ,_ ._. ,l 

Additionally, further revfew of this issue revealed that the original -8 ,, **.,. . ” ” __ . . __ 
: 

publication of § 1020.31(f)(3) in 1977 (42 FR.44230) did not indicate an 
I 

effective date for this paragraph, which was November : 1,1977. FDA proposes 

to insert the omitted effective da@. The ,omission was of little consequence ., ~.-~,~,,~.~,,,~~,i,~,, _*_ < .j,&& d.~iX?.idi$r”i%C r .* .,A .IPy?.i,’ 

because the original requirement reflected the&en curr.ent,,+designs of _‘,I .j 1 . . . I. . . I, j ,” _ 1 V” _“‘, *.. _ ” __,,__,,.. r_.,-, 1, -.. “. s 
,,. 
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mammographic systems. FDA j%o~dses% in@% the date to provide an 

accurate record, of the applicable x-ray field limitation” requirements as a 

function of the date of-manufacture of mammographic x-ray systems. .P I~,..+ *.a., ii”.m,“Y _ ,md^. Ie,,*..c,‘m ,,__^.-* j ,* 

No changes in the previously applicable or current requirements are 

proposed or intended by these corrections to § !LO20,31(f)(3) and (m). The : 

corrections are only intended, to make explicit the current or previously 

applicable requirements that existed on th,e date of manufacture. ,,<.,.I 4-i *,..__ _:- j9.4LI j .4.-h-.,, -,.c,,: ljC, ._ __ I_ ,__ ,, / ._ _ ._. ._,. 

FDA proposes to revis,e § 1020.31(f) by adding § 10”20.31(f)(3)(i), the 

requirement applicable to equipment manufactured on-or, after November 1, ,,a Xf” .“.,..;.,a ,.,. “f ,*., _: i-b ._^_( 

1977, and before September 30, 1999. The current requirement, applicable to / 

equipment manufactured after-September 30, 199i, would be 5 1020,31(f)(3)(ii). 

Section 1020.31(f)(3)( ) ,, iii would contain the requirement for permanent ‘_ 

markings that are” applicable to all’equipment manufactured after.,@o,vember ._ jj . 
,; : 

1, 1977. i’ 

FDA proposes to amend § 1020.31(m). Section 1020.31(m)(l) would be il 

revised to contain the requirement applicable to systems manufactured on or 

after September 5, 1978, and before Septemb,er, 30,1999; such requirement was 

previously omitted. Section $020.3.2(m)(2) would be revised to contain-the _ _, 

current requirements applicable to equipment manufactured after September . 

30, 199% in § lO2O.Wml(N~), (~ICNiil, (m),(z)(i~~~,.and!,~~,(2)(iv):'Sec~io~:,,.~,.] ,I ,,_,_ 1. __"._,, _ :.,_i_ :a ,.C.-...::,.,i.* ..,_ ._,"~_>. 

1020.31(m)(3) would be revised to. contain, the,,.d*escription of the method for 

measuring compliance; such.description is common to both § 1020.31(m)(l) 

and (m)(2). A minor technical,c=layfication is also proposed in >_,.” dr.” ‘v*_jr.: rx,eh*“d&m#.r. 

§ 1020.31b)(N I h ii w ere the term “x-ray tube” found in current, 

§ 1020.31(m)(2) is replaced by the term “x-ray system” to reflect the fact that~ “^ , ~ -_, 
., 

8 



j *. :rr*~<)~>y .<‘ y 
it is the x-ray system, not the xlray tube, that controls n%tiation”df x-ray 

exposure. This change does not change the intent or effectof the requirement. 

P. Corrections to &flect Changes in Organization.a] Name, Address, and Law 

(§ 1020.3Okh Cd), and (q)) 

FDA proposes to amend $1020,30(c) to reflect the curremorganizational 

title of the Office of Compliance of the Center for Devicesand~~~~~~logical , 

Health. FDA also proposes in § 1020.30(d) to remove the.specific address that 

is subject to change from time to time. Additio,naJly, FDA proposes to amend 
: 

paragraph § 1020,30(q) to reflect the transfe&f> s,ections~~3~6(a)(5) and 360B(b) 

of the PHS Act to the act by the SMDA. 

Q. Removal of Reference to Special Attachmer$s for Mammography 

FDA proposes to remove]reference- to “‘special attachments for 

mammography” in 5 1020.31(d) and (e). The Mammography Quality Standards 

established in part 900 (21 Cl% part 900), particularly § 90612(b)(l), require 
_ . 

that only diagnostic x-ray systems designed specifically for mammography be _ . . ,. 
‘, 

used to perform mammography in the United States. Therefore, the use of 

special attachments intended for use with general-purpose diagnostic x-ray .( ,““. A‘,~:_., - .,,.. xxx,*... >e( <,;-*!m>* ” 

systems to perform mammography is inappropriate. No such devices may * )_. ,- , 

continue to be used, and retaining this reference in the sta,n,dard wo$dJ@ply 

that such devices or c,omponents there acceptable. 

R. Change to the Applicability Statement for § 1020.32 

FDA proposes in the applicability statement of § 1020.32 to remove the ,. / 

reference to “fluoroscopy” and replace it with “fluoroscopic imaging” and to ,,_; “., “. 

remove “recording of images through an image intensifier tubes” andreplace 

this reference with “radiographic imaging when the radiographic images are 



’ : ,,...; ._.., 
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recorded from-the fluoroscopic image receptor.” This change is necessary to 

clarify the applicability of this section and toS$$cgrporate the proposed 

requirements addressing the production of radiographic images for the last _.“,._, .S”_ 

image hold feature. 

S. Republication, of 5s 1020.30, 1020.31, and 1020.32 

Because of the large number of proposed changes in @J 1020.30,1020.31, I 1 ._ ,, .I/ 

and 1020.32, FDA is republishing these entire sect&+s, including the proposed 9 : 

amendments, rather than publishing only the proposed individual changes to 

these sections. Although some of the paragraphs in these sections, arenot . x 

changed by this proposal, republicationof the entire sections will result in ..I / -/\ dj,,. w,.-lir .,, x..,YaLi.e: *,$*aY u r,,,~~.i~~~:;~:i.~~,,;i( ,..), ,,,._ *_ ,~ _ ;‘. : ‘,~ ,1z;! _ r ., 

a more reader-friendly version when the final regulation is published. 

111. Proposed Effective Date_ _, ___ j _ .,. , _^ 

FDA proposes that any final rule based on~th&,,proposal beco-me ,effe.ctive. 

1 year after the. date-of publication of the final rule. in the Federal Register. i;. 3 .” /_ .,*_ j^ ,x_ . . .._ “,“a*, “Ifi’ diL,llC _,,* 

IV. Environmentqj.z&npact 

The agency has determined under,,?!. CFR 25.30(i) and 25.34(c) that this i._-l._ ,.“v-i,~ SF. .*-a, 

action is of a type that does not individually or cumulatively have a significant I 

effect on the human environment,,Therefore, neither an environmental, .A,.,, .I,-. *4*“,,.” L .t .z--j j (l”.-._<l I**iq&+i :;*e,-: ?..A I‘., .,,. i-r:P**l*\~,~*:h ,*i, _, ,*. il__ ,-+,. __ ,, “,* __ ‘ ) ,~i_ ,‘~ .‘. _v, I,_ .,_ ^ .,. _“. 

assessment nor”.an environmen ,.,, -~.‘ ,*,a C.” .n..cx*~~r,,,x,-.‘” +laEmpact statement $ required. .’ 

V. Paperwork Reduction Act of.!9!jc5, _xI _,. , I ., ,__ x. _ ,, a. (pi/. ./.. ,,j__ 

A. Summary 

This proposed rule contains &formation col&$op provisions that are si ., ~.%C i.., i N, ..*,e<,“;.i,, ,b 4,, 

subject to review by OMB under the Paperwork Reduction Act of J995 (PRA) 
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(44 U.S.C. 3501-3502). A description of these provisio.ns is given in the “. ” I. 
j *  > , , .  !  , :  j _ 

following paragraphs with an estimate of the -annual reporting and . ..~. . ~.~. .I” ,..,.‘il^ “Ix‘ * ,“.I, ~*.“i*-,d*l :.+ll i , > . 

recordkeeping burden. Included in the estimate is,,th”e, time for reviewing \ ..__ “*” ._I ..-,li.,.l, ,,.~~~~*,&*~* 0. “, ’ I” ‘3’ S~,..is ‘<<,&&;s. E...*, .**-, ,r,-i ..;I: 1-4* -a” “._ ,..__. __ ” ._ ..,. 

instructions, searching existing data sources, gathering and maintaining the 3, ,I. ,’ 

data needed, and completing and reviewing each collection ,of information. ,-*-.,. ~.‘““~^_L_~‘,“~~h”j~l”. i,, ,_, ,., ” . _L_ ., _) 

The information collection burden of the current performance standard.is -“. I .^.I.~,‘.r,.~“r~~.r‘.L r Mjicr~~,.~~il”?.e,. e%?e>~:*&;. *a ?‘~,~~~-:i.~ii~~~~~,.” .-. -” _ 

covered by an existing information collecti,o,n cle.arance, OMI3 control number 

0190-0025.,FDA.is,,,se,eking new information collection cl.earance for proposed _ _“l”ra.l ^., 

§§ 1020.30(h)(5) and (6), and 1~20.32(j)(4). 

FDA invites comments pn; (1) Whether the: proposed collection of j 

information is necessary for the proper performance. of” FDA’s functions, a -,. *“,.P,. A, ,/ )^^ ./ * 

including whether the information,. will” have ,practical utility; (2) the accuracy 

of FDA’s estimate of the burden of the proposed collection of information, 
,* 

including the validity of the methodology and assumptions used; (3) ways to 

respondents, including through the use of automated collection techniques, Ll.^. ,.,.. -,.. .,\.A”, - “. . * *sr s_,.o,, *Sri, .i,;_r ,iB_. “, ri-.*..; ,~*,&J&$;*:?:l’. 

when appropriate, and other forms of i,nfor.mation technology. ^i. ,“/ *_,a , *.,l‘.e -n* “-lk:*;< ii 

Performance Standard for Diagnostic X-Bay Syst6ms aG&ihei; Major .1 v..-” ,._ * +_. _ 

Description: FDA is proposing to amend the performan.ce standard for, ., ,_ -- 

diagnostic x-ray systems by establishing, among other things, requirements for 

several new equipment features on ,a11 new ,f&+x~~c~pic x-ray systems. In the 

current performance standard, § 1020.30(h) requires that manufa-cturers 

nrnvido tn rnlrrhaawa nf x-ray equipment, and to others upon recjuest, ma^nuals 

” : 

L.,_ . ., ._ ., 
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required inforrnation,is..necess,ary fbr ali p&c&s& (us,ers,pf the ,equipment) 

to have in 0rde.r to, safely operate the equipment. Secti.on 1.1)20,30(h) currently ** 

describes t.he ~~~~.~‘~a~~~~n.that must be provided. _. e-. .‘” : . .,_ “, role” _,“- *:+ 

The proposed rule wguld,add to $lOZOY3’O(h) paragraphs (5) and (6) 

describing additional ipformation that would need. to be included in these j ‘ . . x1 _ / s.. ,i.,.. I .1 6, /$ II. “1 iyr.,, ir$.t\h&~C,*>r il,~<.;*g “,“.’ ,. < Xi” .m~:.Jx.vw~“““:- “-,a “&A~; ‘$.<Z. $;a I’rh’W>jl-:, ,~ :,;,z ; L ,_ :>, & ., / ~~s.-“e:,L.” 

manuals or instruc$&s:, ,Tn addition proposed 5 1020.32(j)(4) would specify .>,,. ii~~.r;lCI.V,-~i,,*~~,~~ ? 

additional &$criptive information to -be included in the user manuals for *. ;1 “I .ir,*,“..ir .” p. ,:e *> “,.2X. <“~ .-;iiib,,-‘j*) 1 .rc,...*, !bl “. (,/ ,I:,;, &*,‘p<.:\ I ,f .,.g ‘_.. , ,**, ; A.“* ,: 

fluoroscopic x-ray systems required by § 1020.30(h). This additional 

information would bye degcripiions sf features-of.the..xrray equipment required 
i 

by the proposed amendments: and ,@-&;m~ti.on determined to be appropriate x. ” ,:*a ‘“‘.*& d >*c!:LL-j ;;y ;*a-:: rl?iqis, ‘xL*>~r~~‘~~~% /p~>.~~~~~i~ 

and necessary for safe operati,on of tixequipment. 

Description of Respondents: Manufactu~~$! .qff&o~@gpic x-ray systems 

that introduce fluoroscopic x-ray systems into commelcce f&wing the 

effective date of the proposed amendments. FD,A,~etj~~~~s,~~~“~~~~~~~-of~this ,__ __,, _, i_, / 
:1 
.I , 

collecti,Qn of information as follows: It .^.w‘*..1. xl”“.e”.*lta / .~ _/,, -A~-. ^” i .i i ,ix:d*h: :“a ( . . _ : i\ i (, ‘WS ., : ), ,? ,;, -:, “, .,,:.,,, _.~ .:, :,. I L ,- . - I, I‘ ,” ,. /, ..< ” ,~, \ /, 
TABLE ~.-EsTIMAT~+D,AvE~@?E A~$N+$ RQ~~PT!N~,,&RDE.N FOR THE FIRST YEAR’ . _ ‘-A%*,~“~ 1.‘Ix’a-.,i %k”, .i; w* ‘,“,L.!, i.*>” i)X4 -,:a _“,), F( , ” j , ” __ .\_ s ,; ,,; )/c 

. . .“. 
21 CFR Section No. of Respondents Annual Frequency Total Annual 

per Respondent Responses Hours per Response Total Hours 

- ,.“.. ” a,_ .,“.” __ _ 
1020.30(h)(5) and (h)i6) and 1020.32(j)(4) 20 10 200 180 36,000 

, There are no capital coits or opGyi$;m’aA.d ;I;;~~~~~~~~~~o~~~~~~~~~~~~~~~~i~~~~~~~~~ $sa$~~~s&&y (#>A ,. *is. a /.. iv?‘, i,n ** . I I. ,3i ,A, .\;_. _^.. ” “;>a. ^_-*: :*,y”.,T, -_ >->“““x,y>~-, i ‘s..“.‘<;~i;r;r 3w,;..:.v 
)“. .*w.,, _/ _ ,,,.. :““,,/_ ,j._ll .~i/“,d_,I, ,A. /“...,>” _i;.l _ li. 

TABLE !j.-ESTIMATED AVEF~AGE -ANNUAL REPORTING BURDEN FQd SECOND AND FOLLOWING Y~+R' .,,. -;.s- -.*, ,il .,_ ~*-..‘r !W. +~“.>*~t.~.2~s$~.~ I,“‘&p.*z y-:-h ‘:“I:- *+q, CCM,?.+$%$W%~ u~~,“-~,“l”~~~~~“~~~,~ ,$;,.:?&I( y. ,T i &*er, -, ; ,,+ -, ,cc. .!“,” <‘ 
..a, ,*._ 

21 CFR Section No. of Respondents Annual Frequency Total Annual 
per Respondent Responses Hours per Response Total Hours 

1020,30(h)(5) and (h)(6) an; l&0.%$4)“‘” - 20 5 100 180 18,000 
,.d**lir,.#*,“**;*.u,s i.., ~‘.,‘i”>.:~~ “:.. j. I “C ._. a- ,.,, Y.<;-” .: _:. ‘?.L.. ,.I * ix ’ .*,a “i; 5,; (_$ .>,px’ 

1 There are no capital costs o; $e%%g&d inalntenance~os% a~~Ciat~$~lt~,!hl~_~OlleCtlOn Of IflfOtTTlZltlOtl. 
xaxiTs<l ,658 .sd+ &r*3 -** iti, a,$ <~ -,* .,r. ;,.:ai *,_. p,+.* .ui- 

4 _ )_\I ._$A I”_*IIYil*IcII “,< ‘*ill, I _x _ ,a_, ,.b. ‘.. )” x _j I ,“‘ ,,. _ .,, *..I. _‘,. 

B. Estimate of Burden 

As described in th,? ~ss~~,~~~er$. qf.the.c.ost impact of the proposed _ +..gn .*:.,;~y‘~i‘~~;*’ , 

amendment (Ref. 33), it is estimated that t,h~e~~~&:$~.$&!+t 20 manufacturers of XI, “., .&, ‘jl ,V,$,,< b*?)““> ‘,,:q-* ;**a, . . ..*tq* & :r,*- ,: ;, ,y >“s ,<& ,,A J’J._ _. jx 

fluoroscopic x-ray systems who ~market in the United States. Each of these I ../... .,. “..” _.=, 9X “.!‘i” .- .:..A<~ ‘i-l.) a ” :*\ * .sj$.w& ,i<. z?rr~~:s~?~iqi.~~~-~~~,~:~.~~~ z,~&G:$wi; ^..*ln -,im *i -‘“, ;y .:::, ,: L’, 

manufacturers ,is &im,atitd to market about 10 distinct models of fluoroscopic *, .i ‘.I .e.- .~ I ̂  * 1 ywae** -rir,,.~~<bL.s?a**w-i~ wdba” .,v;a.‘%, ~$*,$&&b+:;. ,: w, ,a. w) u ̂‘, i-l r” ’ _ “;A;. ;~~~~~,w’9;“~~,:.;~~~~~~‘~~~$:)&a;~~--;,II : .*,,-a. ,>r ,.,. .” ,_,, _ 

x-ray systems. Immediately follow&g the effective date- of the proposed 
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amendments, for each model of, fluoroscopic &-;a$ syst&m that rnafiufact_u???. ..l”. (,// ,. _Lc.,/ iirr,aX ‘L.,W‘S”. 

continue to market, each manpfac!F;er .would .$a~eitojp!pplement the user 2.: ..,, ,_ 

instructions to include the” additional information required by the proposed s./ a,-. iSPI. .**. .“~biFI- “4#~*~4~.~&p+..** 111 .&q& *.*~,;~~~~~~,*+s* t~~*~~2*%z~~~~.~,, __ “, ,” ;_ , _ ;” ( j 

amendments. 

Manufacturers already develop, produce, and provide x-ray system user 

manuals or instructions containing the information. n~ccvy to operate the ., ). “,*.+“,T.. j;I 

systems, as well as the specifminformation required to be provided by the 

existing sta.ndard,jn curre,nt § 1626.36(h). Therefore, it is assumed that no , __ “I. , ^ , 

significant addit@a\,capital, operating, or m&tenance costs ,wi!! occur to the, _ _ 

manufacturers,,,i,n connection with the provision of the newly required ,&I ,.,. *_/ .,,_ “-.. .i*-ii,lL#, A* ‘ >gr *.“i’ ., r;.Mu,*i-.zkdr( .j 

information The manufacturers already have procedures and methods for, * ^_. “, .(.I. .A*.,“~fi^rii”*.. ,.qc* s*x*Qn,r- “,‘~~~~~i,~x.i ,~rj<,wi*,z~@&#<r: 

developing and producing the user’s manuals, and the additional information p ” , (. . . , 

required by the proposed requirements is expected to only add a few printed _. , 

pages to these already extensive manuals or documents. .- ,..,.* “‘rw*....-x)..r. l_r”..^, _,. j._ * _, ̂ _ 1 . . , / ,“. > 

The burdmthat wi;l_!. occur to manufacturers from t~~~,~~~~,~~q~5re~ents x__ ?.di” / ,. _,_* -1 ,,_; _, _ _. ,/ I..,:^) :.:;<~..,$:~~:~~-.~“, 
., 

for information in the user’s manuals will be the effort required to, develop, @.” (4 -a /.IeT) : ,,... I.l”A”” *_, ,_ :, ?.< ii Lb7 $ .‘~;~p~~$:>xqy”~, ‘,-’ v:-‘-$;“! 1 .,. 

draft, review, and approve the nevvinformation. The information @data to “., j..S”... -...t *I .*. ” /,,- 6 3,. , , rix,i2rxi se*; L&.,t*x*.A&ir;.~k I:->&*,., &,,.,, <~k&&&~.2 ,_ <,~,, z, _, ~/I ,__ (% . 1 .‘ ‘_ “,“(.I h, i 

be contained within the new user instructions will already be available to the, ,. ‘, *’ ” /‘ ..,.-~~~.~-~..~~.,~~*~‘~~~“~~~~~.*~~~~~.~~~~~~~~~~~,~~~~.,~,~~”yl*,WS~~~-iii.jOlki;~~t. &,,,* ,” ̂y,, ‘ , , ,, * j /,,_ _ ,./ * * / j ._ .;,, ,_ ., .i_ 9.; it ./ F-_,“,. ,._ 

manufacturers from their design, testing, validation; or‘other product- j “. ,.*.,, _.” .* .-.,~“~Y*,lr”,r,~,;*, 

development documents., T&burden ?iJL consist of g$+ng the relevant I r-,y-?$ ,&‘>?.r-‘;:$y ‘,. _” 

information from these documents and preparing the additional instructions ^, , _I _ ” ^^ * //W,. _,~, *“X~“h-~eriA, se -?+%a2 ,>.. ;**,ig a:4:~A~,ri;~.~*,~*. 

from this infom~~i.~~F: I II j .j _,(_.: _ , , ,,. ._.,., “__ 1 . .,, ‘ , ,_ , , ,,il _ 

It is estimated that about 3 weeks of professionaj staff,ti.me (120 hours) ““__, II,..,. -:‘;> ,I * I 3” .sSi&,, + ‘--“- . 

would be required to’gather the required inform.ationfor,a single model of 

an x-ray system. It is. estimated that an additional 6 weeks (240 hours) of .h _,.‘. ,.“% _w‘ d,>_ * “/ L” Yei jv /$e’**.,‘““#* <, %;,i-p$ii +*,q, l~&~~.b*,~ir rri “, *bi/Ur* ,7rir.,:-~in.,~~^r~~~~~~, *,>. _ _i ,* *.(, .l,, e.” 1,, .) d*r*<,,.‘i A__ I_( I”. I.. , ;..b >/ (__/*. ._ ., r _,_” 

professional staff time would be required to draft, edit, design, layout, review, _) ̂, “_ is,*, 3,s jl ,~~r;i(i-r*rt.~~.,‘~~.~.~ 
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and approve the qe.wportions of the us&s m~lu~-l.‘iii-;~~~~~~~.~~~io~.required 

by the proposed amen,dments.. Hence FDA estimates a total of 360 hours to .--. , .““11 /,~ .~~il..“w.t, ,,-***e+<< L*~au,t~~II*>:I.*C $s,“~~)r>~;“,*” *d w,,-‘:,&$,;,>,+<; :, ‘>,+,,‘,“y; 1,” :__ ‘,,~~-;$-;c”‘;.l.~:_~,.;;iT,::: j_ : **- _, I i -,-,, : _, _- __ 

prepare the new user infoWrmation that would be required for each,mo,del. -- ‘. 1, r.‘,%,a.aeak” ,:.,.~~,-~~~r*~~-wi,: .+**.+,xj,,<*, 

For a given manufacturer; FDA anticipates that every distinct model 03~ 

fluoroscopic system will n,ot require a separate development of this additional,, I , 

information, Becauseit is thought highly likely that several models of, ,, / I .;, . . / Iji , “.^ 

fluoroscopic x-ray systems from a given manufacturerwillshare ,c,omm.on x , ,j ‘_ _ ) j _, 

design aspects, it is anticipated that similar means for meeting the proposed ,‘l__J.( ,&I ..,.,_, VA i”% . . . // iri i ,~~.f.w&s ‘98. 

requirement for display of exposure time, air kerma rate, and cumulative air 

kerma and the,requirement for the last-image-hold feature will exist *on. _ 

multiple models of a single manufacturer’s products. Such common, design 

aspects for multiple models will reduce the burden on manufacturers to _ * s.-, ,, *- .e- _. Cl. ha,‘, /* >,*/ “., i ri”l ;.v -nern...J?~.wb&+-xi~ r**&:.i”. .*‘“k *i*r* ,>&VZ&, ?,, _ ~, ‘ _ ix’ *_ ,. ,vi .;.. z i ,a_ 

develop new user infor,~ati~.~..,~en,ce the average time required to prepare new i,“., i” 1 .A ii< _ Ir*Fi *.%‘n~.~$.:~ 

user information for, all of .a. manufacturer’s models will be correspondingly \ .I .u ?h” ‘In. ,T,?? 5;.s*,., se,. I..*/ s ‘%‘““&&. >39= irw “h-9” ~~,~q~‘: i>EFw.* ~~~~,~~~~~~.~~~,~~~~~~~~~~~:,~~~~~~~~,~~~~ , 

reduced. It is assumed that the applicability of the new user information _ _- .-.,IIJ~.s*ii *eI-e_*.,*“:_ *;,,*w*$j\*+gci 

developed to multiple models will re,duce the average burden from the.?,@ .,,x I ;. .V~. ‘pnsr,i*%leb .a,<, 
(. 

hours to about. 180 hours per model under the assumption that each set of, ” -_ .I. -, .., __, ____ 

user information for a given equipment feature, design will be a applicable to s., 

at least two, different models of a m.a.rmfacturer’s fluoroscopic systems. Under ,-. “.. ,)^ r. * I ^ ,.‘a* &lY ‘_. *, +-. rl,~;,~*,~~~~:LB~.~~ I il.’ x ‘-w 1, ” “j “” x‘~e”_Q. ~ /(,, :.~‘p~;,&~ ” h pr / -., ‘i ,.i,” . “.” .A,‘.“. ./ ,, _I, ,_ ,,~ ,( i/; _, \: 

this assumption, the total estimated tim,e, for preparing the new user 

informatior that would be required is 36,000 hours, as shown in table 4 of I, lbl/ ,a (i.,,“.““. a ,~a* . . . . C,“Snl_.*>,~~~#, a, 

this docum_ent. - ?.I< ,. ‘ # ,j ( /., _ .- ! ̂  j_ _‘,( I ) 

In each succeeding year the burden will be less, as,the reporting ..- .A.*,*.“$~) _^“./+&%a 

requirement will apply only to the new mod&dev.eloped and introduced by 

the manufacturers in that specific year. FDA assumes. thatevery two years each “. ,c ._ ..* : ̂ i” ,, 

manufacturer will replace each of its models with a newer.2m.del requiring I) . t,. ,__a- “jlr: a. ._.” “, _ ..I c-i.. l**.,~-,.” _,,.,,_ >“S i,.>&‘T,,rlc* ., II 
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new user information The multiple system”applicability of this information . . . ,. CI _,” “( ,*,. ..,...:ai,>a”,&, ‘..sA+~~~ ,,+ 

is accounted for ]by also assudng that each. n.ew.m$kl,.cz$y requires 180 how 

of effort to develop the required informatio”n. These assumptions result in an. _ 1 I. .i/ __*i A-‘,.“r( “:,.A*, *.a. ,.ii.‘% ./ 

estimated burden ,of 118,000 ho,urs. for e,ach of the years following the initial “.l.. ,i - _/,_*&*.> .,/ 

year of applicability of the proposed amendments, as shown in table 5 of this , .1 , i. I _ 

document. 

In compliance with the,PRA(44 U.S.C. 35%7(d)), the agency has submitted I~ : 

the information collection provisions of this proposed rule to OMB for review. .^ _, _s. ,. **.,. se, ., 4 , > 

Interested persons are requested to .sendc,~~.~.~,nts;~regarding information 

collection to the Qffice,of Information and Regulatory Affairs, OMB (see 1 (.i_^_.” ;- *-I,..I.r+“,bw,a ..,.,,, 2 ~*.~..~~~,~&~ ‘,k?, j j_ _, - , 
ADDRESSES). 

1 ., 

VI. Analysis of Impacts 

A. Introduction \ _: x,. , __(,. lj_ __:_ : I _,,. ,_ _ I _ ._ 

FDA has examined theimpacts of this proposed rule under. Exec~Giye .__ . 

Order 12@6, the Regulatory Flexibility Act (5 U.S.C. 601-$12), and the 

Unfunded Mandates Reform Act of 1995 (Public Law i!O$-$) (UMRA). I” _‘^a,__ _“/, .#.. f./ m:.,aPC.1 ,,-A ,<ix “,rri‘r-~~.“rl.~~*r, @;+ _,~,., ‘---.)” ._:_* j, ;.’ ‘ ._ ,, .: _.,_ , __ ,, 

Executive Order 12866 directs agencies to assess all costs and benefits of ../ .*Lv<,v. .s * I3 ___j;_l,a a-j laui..$+ L ,.- s. j”. ?,^ .,_ ., ‘” ( r*.L,^.rm”hzl b,‘<_ ,l,W”,i. *,,n,, : .:. , _,) ) ~ , 

available regulatory alternatives and, when regulation is necessary, to select 

regulatory approaches that, maximize net benefits (including, potential - 1 /,. .M,.,LIIIIIYFI .i,*i.i_i_<,, *$*i..%i, $&.+p#~.~,$~&~ ,~(. 

economic, environmental, public health and,s&y, and other advantages; 

distributiveimpacts; and equity). The agency believes that this proposed rule 

is consistent with, the regulatory philosophy and principles identified in the . x ,. . i 

Executive. or,der. In addition the proposed rule.is economkally significant ., %I.._ A**“. %,~,. *. .” (.:h l%r,l,*w.\*2 “,$,. , ,d-;;;; 

under Exe~cutive Order 12866 and is major under the Congressional Review -..: (I ~VW. ‘(i- n,r**rc :*)’ “Is.:*. ~.,~,,:~a,~,~~~~~~,~~ ‘ I. ” j.x._I I” 

Act. Thereforethe proposal is subject to review under theExecutive order. / - ;_ -: _.. i . . _,,” ,,,( 



The Regulatory Flexibility Act requires “agendies to analyze regulatory 

options that would minimize any significant impact on small entitiesAn “I -.-‘.li.. ” ,, */a, we .“v.~‘m’ir~,b;i aw$, I x, ..I.,” I ” : 

analysis of available information suggests that &sts t,o small Le,ntjtiesar~e likely I I _. “~. / *, ._“/ _.A ,,>,< y ,w&p+pa*i ,\.“l 

to be significant, as described in the following analysis. FDA believes that this _ ~x.~..-,,< ,,_,,, S,,#‘, “%,_,~ 

proposed regulation will likely have a significant impact on a substantial ” 

__ 

1 

number of small entities, and it, condu$ed aninitial regulatory flexibility “_j ,.~ .” ,. 

analysis (IRFA) to ensure t,h”at”,any such impacts were asses,& and to alert ,)i, “..I *I sir,-s.>-r b,,Sj _, ./ .“_, _._, ,‘ ,_, ,, : 

any potentially impacted entiti,es .9f~,~~.~9pportunity to submit comments. 

Section 202(a) of the UMRA requires that agencies prepare a written 

statement of anticipated costs’and benefits. before proposing any rule that may (. .,a. I>.*1 ce. ~ _“_&.* I,-,i+. ,, 

result in an expenditure by State, local, and tribal governments, in the 

aggregate, or by the private sector, of $100 million in any one year (adjusted I i .-, ..” _ .,, : _ ___( 

annu,ally for inflation). The UMRA does not require FDA to prepare a statement “j,l 

of costs and benefits for the proposed rule because,the proposed rule is not ,. ..i_.__ -“.+rr,,;r.*I.,-~x;V ..9 9, /z ,., 
expected to result in any l-year expenditure that. v@uld. exceed $100 million ,. . 

> 
adjusted for mnation. The current inflation-adjusted statutory threshold is I j I ̂  ../ l”ii~..,_y*^l.,,“l,I1l. r*.r “.~~~.biC-i~-~~~.s~~~~,~~;~~~~~~ 

about $110 million. _ ._ , _j 

The agency has con.ducted preliminary analyses of the proposed rule, 

including a consideration, of alternatives, and hasdet,er,rmned th.at”t,he proposed - 1, , ., is,*--;r ,.-L. I ill 

rule is consist,ent, with the principles set forthm the~&e!$!ti,ve order ?nd in. __._ ..” ,. . ,‘ b_. : .; ,, _, _,l,l ,_ 

these statutes. The costs and benefits of the proposed rule havebeen assessed _ .h # . . “T-i is*-- i Lex*-t‘i *+xb?nf,~bUX; r”Mi m,~~&&~*t*;~& ~ ,_^.U. ^ ._li -,.,.. “i i%s,..e ,“.,S.,,L i”, “1, i- ,,., . ..- %,,i.i..4LII _,/.>.~_j. .,““,~.vV~~ I ,, ( , ,. I I .,^ 

in two separate preliminary analyses that are described in section VI of this , (I __ I _‘I, I .,,a_. , 1 *> Ir*.l*“,.rai*?, *,xiri.*:L ,,Q<~.,&i%,,. < &a~,\..*>.“.&;~, e. .:~ “..,a .-.. ‘ ,: ,, .< “:aii”,, ..“,, ,_<. ,/ 

document and that are available at the Dockets Management Branch (see . . . /) _. s< _“_ “~.~x.~~h~.~.V~4”.U~.~,~~.~“.~~~~ +,*m 8 ~~,~~,~~~~.~~‘,~~~~~~~,,“~,., ,,A-,% _. , _I %,‘ */1 ,11 *. A- ,** _1 / ,_., 1 ( __ , ~ I , 

mmEssE,s) for review. As revie~edbelg~, these preliminary analyses have .^, _, .,) *.a, 1^/. I..I ., 

an estimated upper limit to the annual cost of @O$ milliop,during the first i 

IO years after the effective date of the proposed amendments: “The ?E!YsiS of . .I*LI ,..“‘S, I a,“, “,Sl .*.*.“nrr”>ruxC * *-iyl--*%“#a, 



Order 12.&66, and that the proposed rule, is a significant regulatory action as ,! 1, (. 
defined by the Executive prder Because of~the preliminary nature of these cost x ., 3 h, .*.,:*~c., .b” ..*,~~,,~~~~~~~.,~,*l, . .* ;>.@\+~.r&qq*$> _ \+- 

and benefit analyses and estimates, FDA requests comments on a,ny aspect of 

their methodologies, assumptions, and projections. Comments, may be 

submitted to ~the Dockets Management Bran& (see @ll~E$ZJ$3). _. ,. ..* .“.“_)( i! I_ 2”_:j^ .1 j-,c;-i. 

_ 
B. Objective of the Proposed riule 

The primary objective of the proposed ruyle, is to_improve the public health 

radiation fro.m di,agnostic x-ray systems, while maintaining the diagnostic ” : 
quality of the images. The,groposed rule would meet this objective by requiring 

features .on newly manufactured xSray system~s that physicians may use-to 

minimize unnecessary or unnecesg.arily large doses of radiation.that.cou@ “_ \_ -. i j 

result in adverse health effects to patients and health care personnel. Such . . . . ,“” .a..“,“..,*). d^ * “x I_“h . i + ,” -l+ -i_,L( . ...; -,,*.~~:i*i,~:~.~,.~,~.~ 

adverse effecta_from x-ray exposure can inclu.de acute skin injury and an ./ I ^. 11..1,. j I) ..Lni*rri *_ .“‘I&?” ..,. :&*,.,I*- “.’ 1 , ‘:;- 

increased potential for cancer or genetic damage..The secondary objectives of ~.*l* .i-x”.s+,. *x/m.. 

this proposed rule are to,,bring the performanceatandardup to date with recent. 

and emerging technological advances in the design of fluoroscopic x-ray s ..I ̂...l/j. (” ““l.l*jl,*i I 

systems and to assure appropriate radiation,s.afety for these designs. The .*..LX.n */,,* 
I 

In several instan-ces, the international standards conta .,‘ .*_jz .‘.,.L a: A, l<I(.Ic+‘ic 
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requirements on aspects of system performantie thati. the current U.S. _i _ ..*,a,. / --.~> ,_A ‘(“,, I”Xda”r ..,. *,-. 1 .,. ,, _. __ . , ,A? .:,** , ,A# # A~: )“,S ).* ,‘. )I_ ,,,,,_ ,. .,: .L 

performance standard The.,proposed changes ‘v+oulo ‘ensure that the &fferent. _., /.,,_ .ij_ . \ I “__ _I .“. ._ “_“.(, ,T_ .!a,, ,~.r.;>*ld.ru; 

features re,ouc$ng unnecessary raaiarion ?xpusure ahu whereby y~~h-hw sleL 

benefits. The amendments are necessary because the market ~il!,not.ens~ure, ., . . ,” i ,$_~$_. .J< .***$c.-;:> ,.*a &>‘;,?;;“?y .(., *’ ,~ _ I, ! 3 _* ,. 

that these equipment features ~~~~~l.,b,e a.dopted withputa government mandate_. . . (. / ..^_. 

for such features. Purchasers. in ~~~l$h~,~~~~e,i,rganizations have no i.ncentive. . . ._ __. , ._.L I 

to demand the more expensive x-ray equipment that would b,e_ required by 

these new amendments because they perceive no ipstitutio~al.,econ~~~~“.. .+:., I ,. ,,__ \,_ ,, ,?., _ .l.ls”U,...,,l “.1_ 4. $0‘ ni-“ii@* .&“e.,;l” .* ( “d#“i : 

advantage in doing so as benefits ac+~rue~~m,aQ$y to patients. Furthermore, ./ 

purchasers are nmre responsive to physician attention to an immediate nee.d ,, ,.j *-,. “‘;. 

for diagnostic and intersent&na 1 efficacy from the ,equipment than to .a re.j.y;..%a*p*il$s.~ -: 

nrncnortive panabilitv to reduce radiation-asssciat~,d-riSk to patients many 

years in the futur,eJ%&enes, a&o, focused on their immediat,e medical needs, %‘. ,. , , . _a_ .I - , _ ,,,.‘, ” ‘;;,,a’1 ,,,“.’ .$” ‘yu. ,;~;;“: i .2w2w;;;:” 2’; R~~i”~~~~~~~ir:*-.~~~~~~~~~~~~ ,& ( l;__*.., ,~>Vkl,. .c~ ,, :; 

will not demand this equipment because they lack information and knowledge “.O ,I -.y, ,‘ilrrr4Bi,b ,,; u,.+Js.,i** b_, . . ..- .,- ̂ . 

about long-term radiation ridisk,,and about the highly technical nature of x-ray ,. .- ,v”b’-i,* ,&lf”?.“i:Li,p,*,” #$&<f,&*,$” j 

equipment. Hence these, proposed amendments are necessary to realize the net ,” I ,‘I,. ,. .li *,. *‘aib*i ,.* 2. 

$:.::2’;. I 

benefits d,escribed in the following analysis. ._/ “., , .I .s,. hl_. “,“., -,i,.‘j:.i*, ri 

C. Risk Assessment _* ,,_._, ” ,/ ,_,‘ __ -, j , i _, , ___ : ,_ _ 

The risks to. health that will be addressed by these amendments are the ,, . * ij. I, 1/ - *l3i /* i-,* .a *I “.i*l.L*?,, ~~‘:,.~,“~“~~;~~~~~*~~~*~~~,.,~~ -x 

adverse effects, of,,exposure to ionizing radiation that can result fro!?% _ “_ ,, i , , , x 

procedures utilizing diagnostic x:ray equipment. These adverse”,effects are well _. .-; (i,. ._ .,. J.> __1_, /*,. .^ .>..* “,. ” “. __ 
, ; _ :/ : 1 



radiation exposure. The probability of the effect ,occurr$ng is proportional to 

the magnitude of the radiation dose in the tissue. _ I,-#. ..s ~,,Z :.; ,<*‘ll _j ,% ((#,, r~.%..,l..~:.~~,~-k,:,*~.:,)!~Z ;. r’;.: ,+... .A :~, <::-:,.“; ., )’ :” .“:, .” ,,;.. :_ ,( ,_ :* -i, ‘, ‘,%_ .,‘l, 1 

The primary risk associated with radiation is the possibility of patients _ “__ ,, Z.). ; I i .z.: II” ,: 

developing cancer years after exposure, and the magnitude of this c,ancer risk I ̂ _ _,._/” ..” _L ._ \ 

is generally regarded to incre,ase y&j@ggg@g radiation dose. Consistem 1 

with the conservat~,ve,, app m-a,kh tn risk nss&+&nt &scribed bv the National 

Council on Radiation Protection and Measurements (Ref. 321, we assume a Z_‘. ,, ._c ..* .,_ ,._, .,,,,L , “,2& .bc.a _, )I’ ,&Vkj&s, i?, “-1 s _ i ;“.‘~~~~,~~~~~,~~~~~~~,~~s”:-.,“.:, 1 g ,,,*.,. >,“, )../” .‘ _ ?.. .‘~~&~>, ->:-, (,J4 _ F ,l,.i,’ __(i_/ ;~ ̂ _ ; _( .;,. ,:: ,:: ,_, j .,~“~ ,_ , 

linear relatio.n-%&p between canc.er risk and dose. *s -, ‘ ilbi.U.l * +%- The slope of this relationship ,.A ,.u, n,S*i’ ,; x- A*; _ 

depends on age at exposure and on gender. ._ , I_j_j Our benefits .a&ysis presented 

in section J&H is based on linear interpolations of canpr-mortality risk per -_ .,. .*_(, _+*. /s,.**, I /; n* /A ss,.N.e <<,eil* I*r o*“w*,i ,il’ii ?#*> ~~~~~~~.~~.~~~~~~~ _( _ .1,,. 

dose derived from, REJR V table 4-3 (Ref. 22) values reduced by a dose-rate 1 .“*a” >d,:l i”.~ ,ix~a,r,i”“,r~~~.“r.,iprr,M.~~,“~~ ,a,_ *G._i &NM* j;ir-..**xr.dn.,iii*l,lli (. ,l .““?Js .qW~,, -9 “, ,_,,(. ,j ,__, 1 ^,I , r~ .,_” :_ ,// _ , , ; .,_ 

effectiveness factor of 2 for solid cancers (Ref. 30). The values used in our. I. a,.,~“,__, xx,._I_ 1 1 *_,.r .*/ 2_ w :. *-,,r..:.;.‘j-;r~gai y&L;.’ _, -: ,; ,: ,_ j,. 
.., 
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analysis are represented in the, fo&$ng gr’aph in figure 1 of the excess ,I.) ..s_. 

lifetime-probability for death,, per dose. associated with radiation exposure. 3 _ .,. d,,+ ..s * +, -.%(/* #I... “,lu~~,~li.,~~:-,~~~., .,‘;l,i.* _Ir*> 

\ 

[Insert Figure 11 

FDA undersc0re.s the overarching uncertainty in these projections with the _ . r I .-us, ,, _> !.rw”“~&n., i~~*?“&rr*&*“J%z*, _, 

following statement.,adopted from .c@RP,G -Science Panel Report No. 9 (Ref. 1.-*e1*..,s ‘. <L&“.. ;$*: ..>.a.%$ :A:, rn_‘, 

We project that the equipment features .$,& YQL-&! be-required by three 

of the proposed amendments will promote the ,bu& of radiation dose reduction /;, ___ U>l_,/‘ a, ia ii:-i~a-.* (D..-..*::.*\~~.~.,::. +‘i~“i2~$, ,a~ 7,. ..,“, _ , . . y .,, / _ ; I,_e j < *.~l.*.j ** 

and hen,oe~“cancer risk reduction: (1) Displays of radiation t&?e, rate, and dose * -1,1*. “,,..i-i,i,~~-~~~~~~~~,*~~ iiru &$s**j!d?&*,,“a~* ,v ,-,, ‘li‘i_x,, _, _ .I j, _ , ,. / 

values; (2) more filtrationof.Jower-energy x rays; and (3) improved geometrical r i ., <.* *i _,, “.);I rw*. 

efficiency of the x-ray field achieved through tighter collimat~on.,We.~~s~~.~._~~,~ 3’ *. ,,., ,_, . _\ ^ ,.I^ . _,. I ,d _./ 

that the display amendment would reduce dose on the order of 16 percent. I.^ (1.1 ” . *-*. ,.Y *... A./1 *,;,‘b I *.,,#:I ;i;,.i.!,‘(r ‘te.*..4,“h ,sL,:i li- j ,r, :,t, . L ._ ^, I1 

This assumed value is one-half of a 32 percept do& reducrj,on,~~~~~~~~..for c”:~*, -r.<” *i em’% _I * ,\,‘, i _, E : _ .,.>Ii ., , ,,,I *“,A :xX,::* ‘a,, 7 ,,::,T$r:. Y “‘:JI+ . I, 

several x-ray modalities in the, .Q$ted,~l@gdom (UK) between 19% and 19%: ,, ._ . . . . y.,I, A_,, .b_ 

improvements alone, whereas the, other half stemmed fr,oz$?&.$$e quarrty .L ‘.. “.*.____ * .;,. i*, i*“*&“‘sj; ,_, iSllS_ 

assurance us-e qf,reference dose levels and patient. dose evah-@ion. The :?!!. .-, , _ , Xl,“., a‘ ~6^..aElir ;_. Sl,/ i*e,“..i& .~.:~,~;,~~~..i,4:,;,~~,r~ I/ : j _( /- ., 

percent dose reduct&n,~that ,xe,project for theb,display amendment thus 
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Figure I. Mortality Risk per Sievert versus Age at Exposure 
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Until recently, the principle radiation de~~i~~,~~,~~~~~~patients undergoing 

x-ray procedures was the ri,s,k of inducing cancer and, to a lesser extent, / 4.. ‘i, ...:..‘>a...h.e‘..? 

heritable genetic malformations. $nce ,.J;?z,? ,, ho!wever, approximately 80 t , . ‘k_, : . j 

reports of serious radiation-induced skin injury’ associated with “_ .‘ “se* _I. r % :** 1 ,**r.d~~,**w+ ha,? <,*$+::~*@a”4 ~n~~:“~~-~~~~~,.~~,?~. _ t-1*/.. i’1. * ,” ,,,; __,_ ,, ‘I _, .‘. (, i, ,\ 

fluoroscopically-guided interventional. thempeutic procedures have b.een j ,__ __ 1. : ._, _ _ 

published in the medical literature or reported, to FDA, g-any of these injuries s 1(..,( \v>l*u*.*..” .>a%‘i * r~~,~~*~~~~~r~~ sm$aw~~*, ,._ ,_,.,_ : _ , I “< ,. -.. i., .__ 

involved significant morbi,dlty for the affected patients. FDA’s experience with 

reports of su.ch-adverse events leads the agency to believe that,@ nu.mber .j_ ..~ __ ~./X .,,, 6. ..b_ ,, ur: 2.. -1~.i,.““c-.~:,:;~..,,. :;t :‘ .,,, _,_ (_‘ jl II ,_ ,,, / __ _ -,. ._ 

of these injuries is very likely underreported, given the total number of I. ,*, “” ,A. i.l. _ .a* f* _ **I /,_ ,~. 1,” S.“.. m., .‘*” A... . ..L ,_;__ $ __ 

interventional procedures currently performed. Addition&ly, there is the lack 

of any clearly understood requirement or incentive for hea~~~~,,~a~e,~~~~ilities -**,,,;:,, --:.4*p4 % . . . ii ;;, _),, , -~.-,.; (. 

to report such injuries. With the advance of fluoroscopic technology and the I_/ l(“. Il^.,cl”\,. ;) .>,A% *WV -,~:~.mrr;:~~~..r;,~~; Ai. _ :’ 
proliferating use of interventional procedures by practitioners. n.ot tradit~!%$~ 

specializing in the field, and ther,efore, ,n,o&ompletely familiar with do,!??: 

sparing techniques, FDA expects an incre,asing risk of radiation burns” that:. ., ,. ,. I ___ _. 

warrants the changes to the x-ray equipment performance standard through 
.I, 

the proposed amendments. 
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impact of the proposal and alternatives. In vie-tv of the limited information , “- (,I” ,.“, ‘_l-~-N~.*,,,” ._* ,. .h_ ;,_*,, a_ .I *.<.“, ($, T,.;,, .-p: : &;:~: ,-;‘:: ,.,: ,,,,, ,.:., ,: * <::,- -I(.*._ ‘:~,‘““,“;;.,.“< .,‘j ,.,(.. <. ,“.,.‘&> 1 ,” I _;I, ,* I_ _, \; 

available with which to develop estimates of the costs and benefits, FDA ‘ ‘ 1 ,,~. WI ,“.A..x*,. #>,. _ ” *-l-x1--- ..^.S, . ” _J;/- *i-:,,u,*+ *;.& .,..,. i%i Ydril,r.ri.*&“, 1 ‘b ixw~~a”bi rnSWbL”i;,d. :.-se”- I:*‘+emi. .,_, .a,>,,+ _” *. ,_ I ..( ,- /,.” _ .(. L ” I- 

solicits comments., data, and opinions as to whether,,the potential health 
I 

benefits of the proposed amendments ‘would “” - .i ,* L *. .” _*> .U<i<>h”i .“+?u.~~+s.~di. justif Y their costs. FDA will use I, *“-.T”% .x>?‘; > _< _, / I i, _. ,j. ,. ,.“.-, , ,,,, 

sessment b). ,_ _. :’ ,. ” .“.,A-. ..:*,, “..~ ‘,,, ; :_ _, _ 
Of,&! proposed 

amendments,. 

The principal costs, associated with the proposed amendments would be -irni,.*~,+.~~i-~, r.,,~r..~~.:~4 II *, ~) . . . . rn!,.K.i * _?” ,_ ,_ _ j,_\ / _ .? * 

the increased costs to manufacturers to produce equipment that will h???th?. _II S_,( /“,.,,“,., ,.,, .q :a:‘. I**-, “-*~w,. ‘~~~~~~~,~~“~~~~~~~~~.~~~~ ) / , “_ f ,,I “. . , , ^\. , “i( * ‘“!v-” ’ .“.. ._ , _ 
features required by the amendments.,F,DA~ has,lmade.an estmate~~of Potential _, ,T , 

costs of these amendments to be . >;I.“, *‘~ -.“,I”,w* &*“!a, ‘a+:~,!?*.< significantl: i less than theupper-limit estimate 
_ 

developed. Manufacturers of diagnostic x-ray systems are urged to pidvide, _I .,_ .i.l..L_ , ““,..,d’;- 
~! 

detailed comments on the anticipated costs ‘of these amendments’that ‘will . ..-. / w*.i,. ,s.. e.v/l._ . ...,. *irA‘,*i-A<,).-L‘,-u ;& \ ,, .” Fi ,, .._ L _*v ‘i .:s .(_! .:si-, “2, -~,-.~~c.l?‘.“‘“~~~~~~~i.’ .id~“’ ..;*, ,“I;,=,‘ ,~‘“;,*r’IC;“.;r .1x, 

enable refine,mept,~,,of these cost estimates. , -<* .,a/* .,,ri, ,a . ..>rti ,i*w* ~r~~~~.“,lili:~~,.~~~~~~~~,,“~~ j.~! ,,), { ..:- .-,p, *;; ; jj .., ; .$,, ‘, ,; , . i .“__^!/ ‘ /.1<* “’ .,,__, :.. ̂ ,. ‘_ , ., .$ 

The benefits~ that are expected to result from these amendments are -( ̂  -. ..‘i 9 “A< I,, * i,&41.:.*&^‘x<, ;.~li~~,s~.~r;c:c*,,r**“i:::i’~:-~,~~,~-9 “r.;,,T ;‘,$ ,.-- / “> .Z” s ~%,,.:2?.‘,,* .% , 

reductions in acute skin injuries and radiation&duce.d cancers. The proposed , . ~.I”> ^, ,,.:iL\ . “i .“)A & ;:~.):tj#.;<~‘*-*“i’ *-i.;y?, ,&“xy ‘.>>,f 

amendments would have;,t~~~~Jypes of impact that &4xce patient dose and . . . . ‘._*“, /C<,. \ _I,,, /br I- 

associated radiation detriment without c.ompromising image quality. ,.a ̂ -,a. .“/ ..“B, ., _, jl_/, “lxr*,a,rC - *as& “4” Q”IAX.i .c&4mq*~“~#x i “.A *ud* (7-a I * (,,“‘_;/. !*_,. __ 44 1 + ,*5~,:* T,., *..i ‘il-.l+* ,I’_,., _.: _ __: ., “. x,“., _, _ 

The first type of change involves severa!n,ezly required equipment 

features that would directly affect the 3.. _ I ,... c I_ intensity or size of the x-cay field. These jl_ 2 ,._. h‘..“,d a,‘ 

are the requirements addressing x-ray beam quality, x-ray field lim&%ion, - dj z _l,“.l.“.,,l. ,., 

limits on maximum radiation,e*xposurerate, and MSSD for mini C-arm ““,“.--,,...2._-‘. ,,-..‘>Pn”,; ,; I ,_“,, . ,. . . ,../ *~n.-.-‘r..r..~,:*rric _ .: .ia+;,rri): “*+e&,r$\~,‘A, eh: ,~ t - - ” ~). j_-, ._/ ,” ., ,, 

fluoroscopic systems. Almost all of the changes that dire&y affect x-ray field “I... -x^ .ll.l_.^_ I ~*~(v”I.“~,I,x .,&,A, ,“,&-r.,“.b * 

size or intensity would bring the performance standard requirements into : ?“.-..,.a.L :- “.” ,,.\ 



these requirements are included in voluntary standards that-nave’s growing ^ ‘. C.“. .- <‘.b*,“*m*1; -*&4;;Y~>..$%?~ :taks. 1 : 

influence in the international marketplace, the radiological community has ,..i*,.“d a.:, .~-.,,4,J,r. lidlP ig,-.+mr:i% ;&>;r.;&.2; II J ,_ _ _ , __^ /_,_ 2, * :‘..’ _, “‘ “’ 
already recognized their benefit and appropriateness. Moreover, harmonizatio”n. _ x, a.. /.., . .L. ~.l ,_. */. J 

within a single international framework would obviate the expense for ,. r’ ‘( ‘ii “*&ee.*,~ iixJrarri;r’G+.V. 32 *<,<~.-w,w *&$-l:z,&“l> 3, > ~&%~T,.$:~, “‘ _ ,.x;,~.~?~~.~.-:,~!~‘~:, ,/__ ‘~ “, _ ,, , , 

manufacturers to produce m~orethan one line ‘of products for a single global .~,.A .^.S ,a~.-‘ ‘ i~.~~~,i.~~.~‘i~~ 

marketplace. 

The second type of change that would berequired by these amendme.nL _, , ,I _ . 

involves the i.nformation:f~-~~e provided by the manufacture!: ~0: dkectl~ by 
6’ I__ ~, ,I ._._, ” 

the system itself that may be utilized by the oberator to ho% efncien~ly use 

the x-ray system and the,reby reduce patient dose. ,The_re;~~.,~~,~~,S.~pport for 

and anticipation of these,,.new features by many knowledgeable users of . . . ..v . 0 “<... ” sm_,l,/,a ,iT- ,. 

fluoroscopic systems. Similar,,requirements were recently included in a new _ ,., ._ , ̂  ii,, ,^,_,< <*,.,” 

international voluntary standard. .~~ 1(1 .- ;_, i ,,. -. _. 

“,__ 

E. Baseline C~ndif&?ns,~ _l,j ._ !: 

_!;,a. 

.I/ /. ‘ : _ ,i . ,.A ^ .,“~ . .._ ~, ,_I *, ,. I\ .‘/(. ,_ _. 

The cost of the proposed amen.dmmts to. the x-ray equipment performance ..‘_ 1.. l,lw. i. ,. .Lj. *.,“- >, A.*, 

standard woukj be borne primarily by manuf&urers of fluoroscopic systems. ..h. . **. ., /1_.“./ L,-/* (.,.,,*‘l.-i**, .q . . . . . . 

The cost for one of the nine proposed amen&?sents .~~~l~~,a~jg~~~~c~~,: .,_ e -_., T ri, .c,I, ,,i _: u;.< ^. ” 1.i” L.W~~p”., *,%.“Ix;e..,“**, _I ,. . :-. ___” *, _j _*,, I, ,- j _./ , . ~, 
manufacturers of radiographic equipment and isdiscusse,d in detail in Ref., 28. .“,/.A ,I (( /“,. “<,xli.cI/~, lili- I?_/ *(:ir-.,,,l -“;.<-.W&.& ‘“v:p)i #*.+<., ,.‘, “- I ,_ i ,I/ ,.; ” ,>b.:,~,,:‘ _*_,: iii 

Therefore, this discussion will focus primarily on fluoroscopy (i.e., the process * “.. . I I ,*=p ,“.T., .y* ,*peM3 .a I(. .,- 

of obtainmg dynamic, real-time images of patient anatomy). 

X-ray imaging is used in rne,d$@e*.to obtain diagnostic information pn .n,,~..~~~~~~~~~~~~~~~ ~‘+wv~p :/ 

patient anatomy and disease processes or to. Yisua!iz~,.~~~“;_~~~~~~~Y of 
(I., 

therapeutic interv~~t~~,t50r?sl,~~~~~,ay imaging almost always involves a tradeoff 
I, 

between the quality of the images needed to d&&e &&a&g task and ‘the 

magnitude of the radiat+n~,exposure required to produce the. image. Difficult 
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imaging tasks may require increased radi&ion’ expo$uro to produce the images ,,/,. ~ <,.< -... &_ __ *,*,- ,L,.( 

unless some significant technological change provides the needed image ../ , ., 

quality. Therefore, it is important that users& &ray systems have-information ._., *,_ ,._* 1 ._ ,, _.I_ 

regarding the radiation exposures required for the> &ages that are being ., 

produced in order ,to make the” appropriate risk-benefit_ decisions:,, “,_. ” il e ,\ ̂. ,.d,&.,,,. < .I : ,I - ,-i .~ I.,. ;. , , ,, _ ,, ,.. . . ._ ,. ,, ,_ L ._ __~_ .,. , 

Equipment meeting the new standards in the proposed amendmen&would . so.,* ,,/ ,.“__ > -‘ /_ .*‘*;: ‘.&, _b,.>. 
,I , 

provide image quality and diagnostic information identic$ to equipment \s . 

meeting current standards. Th!erefore, the clinical usefulness. of the images 3~ , ,<*r. “, d--...>“w. ,dCS “**,‘a .K i;,./i”+e, “.,.i : 

provided would not change. The amendments would not affect the delivery ,.‘I p li_j. .;,-I XU^ hl ‘i;~~r.isi$(-‘,9..“,,r-:;‘ir ” i :h,:.,:,~,J:,,,$-‘: ,q _ _, (_ j_ ~ ,_^ ” 

of x-ray imaging services beca,use the .r.easons.for performing procedures, the “. , ,2/..,l *IL*,., . .I ..v ..‘?,I ,,A ~.~*,,~~4w*,~/‘yr 
,, : 

number of patients .hav.ing procedures, and the manner in which procedures /“._ l;_“_le,“~,*.tn - ,. “,i:“li,b2sv&Ic-ii ,.-i’ri, 

are scheduled and conducted’would not,be,.~$~~ged as a result &he _. “,. _, , -.a ^ 1 1. **-h~r*ii*c ‘KW w.~~ae4~>~’ I‘* L!%%@@?y+# ‘asA.& “~‘~~~,-,~~~~,,~~~~~,~~~ ,,,_ “.< i&J,li j r_ &&,. i , *, ,,: _It ‘.~< _,_,_ __ ;‘ ,, j (.~ _( _f I,. . > “i.,. _e 1 _. , ,-i. _.., ^ , _,, ,..~,~ /,,. )I/ 

amendments, In addition nothing in these amendm.e.nts~would adversely affect t. ..h, ?/ h( *- bxr,*wl**rP,“~, ? i * ,m”g,- :.“;*A. :y>. ^ir) ““~$k> “.:, i qpt 1.,.“.*>.lr 

the clinical i,nform&ion~ or,.results obtained from these procedures. These ‘,5, ‘<“pa *;;7..i- ,.“a: ‘.‘{! ( ?a?? ‘>?a<;‘ ..I”, ir, ej * i ~“\:“;)$~‘:!“~s-a^~~~~“.:‘i,“~ ;j ,_ , , )” “’ :, ” ” II 

amendments would result in x-ray systems having features that aut.omatically .~ ,._/, j. ̂  j >,- .e- 2.. .d,, ,* ,.,,,, ir. .+$..;,,:i , I ,. b _, 

provide for m,ore efficient u,se of.radiation or features that provide the /, I i % L< v ,>/*.a.~ ? “” “: h,, :#I “i”‘,“**>~ ., )i. * ep.~*‘ _.‘ 1 , _a. ,., _ “_ 

physicians using the equipment with immediate.information related* to patient I., .c .: $ ,. ” .>“,T, Y .: a+:, ‘.*a.‘,* ‘:~Lt~,,~wm‘ p id~.~:->~>~. “;:‘.,+*b” t /( 

dose, thus enabling more informed and efficient use of,ra,diation. These . . . . . ..“>,_ .h IWX.“bi ./, me .** ,,i..:.ii . . . . *&ru”., _d * ;““;18,1;‘~~~~.“:I;” ;,>:;;,*;&xr~& ,“.g I;;‘,, -..i :’ ““‘3 ” ; :.t, : ‘jr i *,;; :.., ;, : r‘,*2. *.:, 1 rt 

amendments would -provide physicians using fluoroscopic equipment with the ,. ,x “/ ,Y /hII ,a, ~, ,I 1 ‘, 

means to actively monitor patient radiation doses and minimize .unnecess%y - .“, --*.r*‘pw.r”* t-b-. I~. ).“I f. ,r:,.ri*s4K&“:..iu ~‘-,.,C xi.i-.‘-.“..!~‘~,,~,~~.~~~,,.,. , jj ^. ) _ _ “,,_ 

exposure or avoid, doses that could result in radiation injury. . ” *- _*_L_.>. /:,. _xili~~\,A. \ .” de*. *,s , ,,*. . Ji. ,&“,+T&&~;: .L,%@? i-‘<&,.:il” ..;, i i * *A”*-‘*- “&:;;??-,-,;. (,, ./ ̂  “,““. ., _ ~, 1 ,. _ ; 

Estimates of thee, annual numbers of certain fluoroscopic procedures . 2. -.i,; 2. _ A. _: ,‘$, ..1 - +: i-,7-p -,* “‘ ps-, 1 ,. i ” ‘iiF;’ .:*4r.,b4i.a&,;~ ;,, ? _ , 

performed in QieUnited States during the years 1996 or 1997 were develoPed L:od.“*)i., x . ...” . . 8 *a-- ,* ,. ‘3. * 2 &+“* 

as described in Ref. 29 using data from,several sources. These estim@es.J?:, ‘” ,,.=,, ,*>*) __ 1: _,^ /: _ .- -r,-.-.‘+,,.ui..k ae :aw*,. ” ), - .., -i--c,.>‘a.-“r LC,dII.,~~., ‘i. \^ ni,.\. *‘_/ _ b c.,&!* .<, . ” ..a~ c, ~.::,;$t __ 

the annual. numbers of specific procedures were, used in,the estimates of, “,., . . . ~ . 3, *, 

benefit from the proposed amendments,. No iftemht was made to act?!??! 66 “1 ;. .), __ “” . .._ 1 r,,iMhi&i-rr,m 
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changes in the annual n,um~~ers,,,~f procedures !ri~&t~T,? years, due to the large 

uncertainties.in making such projections. FDA also eitimaQ&at over 3 “1 , m .! ._, .*. ,.A./ _ ,./ I. ,.~” .I>.‘ r;,. IR, ,~a,<. i’:s.&~.l,., ‘. ,/l j_ :;, .” .L, i , ,.,,, , _ 

million fIucr”cscopically guided interventional procedures are ,performed each 

year in the United States. These procedures are .&Scyibe,+.,as “interventionwa~~ __ - LI. ,l,S / ,,+.‘_ /_ ,,,, l~A1*““:“” a0l.P‘ -Ia,*_ .~“r”~:%# ,: * ;~,“l‘sl,:,: ‘#;+&*,,J *.&,.* “*, ‘-3 _\,_ ,, ~-; , ~ : , _.;__ ‘ ., . _,_.‘ . _ ,.“_ ,_ .._. ._*. 

procedures,” because they accomplish some .f&q &therapy for patients, often , .., I . . . .,* _ c.~._l “,i 11 

as an alternative to more invasive and risky surgical procedures. Interve?C&$ ,=,,., -. .(/” ,,_1,, *,_ “,..‘,_ e.L> -. ,**./ ,.‘,,. ^ji i,,, ;i’c .,,z ~23+~,:,P+.& *,I _j “. i j.. .h *_ a.**, ,^((_ .> _,” ., _ , :‘-+,“~-P.~-; .,,.I,,si...* -. j ._‘,.,. __ j _(j ,, ,,(,. 

procedures,may result in patient radiation dQse+ inisome patients that 

approach or exceed. fhc. thre$x$$. <q+ .@kp~n Jo.,c;aus? ?:@!se health effect?. ,,. ‘~ ‘.y-i,. --,~“,~~..,,“,~~r--~~,,;,~,~ “*r. _i i-p- .,.i / .._. *,. )_, _ jj . . ,, i 

The high doses eccur bec,ruse physicians uti& !.h:, !&orozs,ppic images 

throughout the entire procedure, and such proceduresW !$k&~~quire exposure 

times signifi&rtly longer th~~‘conv~~~ibn,~~.~,~iagnbstic prdcedures to guide the 

therapy. 

FDA records, &dicate th?i., g@&l12000 medical diagnostic x-ray systems ._ ./c ,+_i// .V”. -. .l”/., .I I,. g,. 8. * \‘),~, .$* _:. _L , _ ., .I‘. .s*, 1 . * _, ,, , 

are installed in the United States each year. Of these, 4,200 are fluoroscopic d/j “. : f?_~ 1_ I.* /” ,%CS %I”,, x w++,,**.<..~* ~*,e&mbm*<$:.$ , ;.: : 
! 

system installations. .T”be proposed amendmenta..$e,u&! apply only to thok ’ 

new systems manufactured after the effective date, therefore affecting the 4,200 . *iv L ,_*.i .i*.,b * , *“->*sl..,i$?e ‘9 :I r&&‘, l’,-J*‘l;;:>*.; L,i 0 ..: ‘I”-” Al *, I.$ ‘.,P#, :.“““: .i’-2” I. i ~. *, .%( ,~ 1 ,, ?_ .” , ,. . . , 

new fluor,oscopic systems installed annu@y atid a small fraction of _ 1’ ,( s- -_ ,. ..‘ ,,, . /“_ ., -, 

radiographic systems that do not currently nieet the proposed standard for X- . 

ray beam quality. 

In modeling the x-ray equipment market {n the .United States for the ,\.i- (a”, /,_” :,~rl::d: _._. a- “I ‘:‘~.~*;~L.“~~i,-, ..““:-. _ _.j, :_,..- i _ / -;,l _ 

purpose of developing estimates cf the cost cf these amendments, IDA ” _I __ i I,. ‘: : L> ,_, :s *:.+ a_ <.I .)“2,$ z”.<,i*r;~2e:’ w,~,~~~.:~..~~“si~~,~ , . . ,” ~; 

estimates that there are apprcximately a total of 44~ manufac.turers ,o.f @agnostic ,. ..1,,.1, ~-j,i;I.in^*“l(L1,~.~.(._l. 

x-ray systems in the United States.and half of these (20) market fluoroscopic ^‘-“” -: I,‘gi.hl-i.~,~:,.~c?.~‘~~~~“., “‘~~<A. i <, _, “,( j i, _,, __ _: (,.” _,“, i , (_ 

systems and radiographic systems. It i-s assumkd &at manufacturers of -I I, .A ~i~*-r*~,,~ir,-,J”-‘L-~~~,~~~.~~~~~~~,~~~:.~~~ .*,<a, ii’ -i,,i. I I,j “’ ir:- :,.. ._ ., ? _,,. _., . ,/_ . 

radiographic systems typically market 2.Q models of radiographic systems, -, I .,*I/^) I VL de, )_ _ C__.e . . . . . . ,A 

- : : .-, 
., ,,. , 
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while manufacturers of fluoroscopic systems n@rket, 10. different4models of: __ ,.“_, , . . ,,, / _(*/lsl.*,v *~ ;. I ,X// a*,. ,-ih.rll*i~*~“~~~i ,. 

fluoroscopic systems. : .I ,, >’ ! 

F. The Prcyosed Amendments>.. .,_. r: ‘” !.” d ,. ,_/,~_ ,, x_ ,_ ,II .; _) ‘ .,_ 
,, 

As described in section II of this&~ume&& proposed regulations may I .( ..\. . ..i .i~ 1 ‘ t:‘vi~*!. ;* ,. ,, 1 .(i” ,.; 

be considered as nine,,,significant amendments to the current performance ._ xx \.i~_^“,l~XYICII.,. “(, ,l”(I_,, _ il-” ;j. ‘&E ,.,;$.r<$~~~y<J*~$ t 

standard for,diagnostic x-ray systems. and && minor supporting changes to < ,.1 I(~ *;I.. .//, <, ,_,. h,>#., *,** 

the standard The nine principal amendments may be grouped into three major _ .,,“l .,_ - ,~ _,. I I I< ,cr*y ,,/. . . 

impact areas: (I) Amendments,requiring changes to equipment design and 

performance that.,would facilitate more efficient use .of radiation and provide .,I, -“aI .‘ (II ..^ .“““.V r(“,iiu ~.C.“r~i,L-:i.~~~,!. .~“*~~“~~~.~,,~3,“~~,:,:~~~~~~.~~~~,~~”~~.~,“~?~~~~~~~~~~”-~.” . /. _ IS ,,. 4. _.w : ..; , ,,* _ j ” 1 ,,“.l_%,‘ ., h., ., 4 _,__. ,* __. _ xI ~, ,_‘ “.l __;j_l*(( &8e. 1 ‘$- 7 ‘Zj‘” (( ‘. .- 433 f (, :,y .,.<. c : ~a .” ,. .“,; ,.;, ,‘: “,‘: 

means for reducing patient exposure, (2) amendments improving the use of .,./_., 

fluoroscopic systems through ‘enhanced iP~~~~~~~~~,t~.~~~el~~? and(3) ,< _, 

amendments facilitating the application of the standard to new features and , “.._~.. . . .%.. “+ -,.. -4 *,, .~@ “I .*“.“‘* ,. b,. 3,. A-w + $j< r‘m i-:$<*q&3;l”“ii\ l.,“,*** ,:, _:_ _,, h .I,, I > ,!,,. *, li ,*y-, .,,~~~. ,,,, _ .1_., __ ._ _; ; , ., _ / “I j_ ~ 

technologies associated with fluoroscopic systems. . i. _<, itll”-IcL; (,..W‘,W.< 

Amendments-~~~~uiring equipment changes include:changes in x:riy beani . ” “’ 
,) .i i .!., , < _ . ,^ *__) ,_; _ ,,)_ 

quality; provision of a m,eans ‘to add additional filtration; changes.in the x- <G .,./, :>x /A*, .risA9r‘. q v&**l& i,<*~$@.. ,~ t~,,~~~~~l:r~~~,: @+yy. 2 ‘<t$ ..*,:,;.,*, s .L ^. j 4 I. ._. -“,: “__ * < ,, , ._ _ (_ .a., _ 2.. _. *. . . . . .A. 

ray field limitation requirements; provision &di.s&ays of values of irradi.ation , , 

time, AKR, and cumulative ajr.kerma; the display of the last fluoroscopic image -,’ 

acquired (LIH feature); specification of tl&$$& for mini C-arm systems; and ‘? ~.A:r,.l*” at*;..&.,*\B^” ;&7&.&v,. .‘LL;, ,cf’ _” /. -.. 

changes to the requirement conc,erning maximum limits on entrsnce” !?$I$ ‘( ,‘ 

Amendments that would result in improved infor&io.n forCusers are those 1”. _-l , “, *./,< . . . . : ‘ii-i- a q> \,%ir ~,4%.,&a&*. 1 , ( 1_ 7^ ,z-i “. -“‘. >:i’ “,:r s I’;. : , _) : ,, $$.,. ” *‘ * i . ,_ > 

requiring additional information to be provided in user. instruction manu&. , , ^ ,.s, ,,,3 qli II_ il~~~ii-“,ci-;~,~~~~.~., 

Amendments facilitating the application of the standard,tone!? technologies ,,/_ P”,” . A , .*_ I r;!” *x-&e. *,a,< .a _. 

in&u& the recognition of SSXI ~&Ci,es, revisi.ons: of the< applicability sections, 

and establishment of additional definitions. 1 ,, s :I- -; s<- iw, 2i~;;*~r~~i~~r,~“~~~“~,~~~~~~~~~”~~~~.~~!. ( ‘I-* ,a, ,g \,&@&~*~~,,‘~~u (“9. >.>, I , *! i * “: $ ~!:~~:r<,,Lz”t -A‘.-: ;, ‘“*. “-3‘. ‘;‘, _” .“r;> :,:w-c.w; ,‘->,i., ‘\*;,.,;,.;. : L __, ,,,*,., ,,, ; .,,~!~ ; “. 
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G. Benefits of the Proposed An?en&z%xx&. ,. I_ , Y‘ 

The proposed amendments would benefit patients by enabling physicians ,” “.,eI, I,,. “y.., ~~~.~~,&I”>,,~* . I”“iu’~~M”~~*,~~~,r~~~~~~ , ,( _ , 

to reduce fkzscopic radiation doses and ass~ciatia de~~“~~~~~~~~~~~~~,~ce, /_ ,1-z ” ~ lli”.I/,,ylj*/_l ~~~~“,,~~~~~-,~~~r~~~~*~.,~*~~~~~~~~ ,) ‘,>Z *p&*: a 7: * i C*A :;~d: cwsii* $&rci: +<&6-*? ,~ ,*>*,**g : _,./.. ‘b~&&x~,,*” ./‘“iV$ 

to use the r&ktipp more efficiently to achieve ~m”e&& ,@jedtives. The h&th ._ _ .., ..‘ .*.‘.~.^._I,~~//.*.( .,,. *, L I )( m.,. : : 
benefits. of ,lowering doses are reductmns ,&the potential for radiation-induced “. .-. i. ,. . _ I’ (^i .,rP”,+-.-ri42:i J%w”~& /, ,_. ,; i ” e “, 

cancers, and in the numbers of skin burns associated with higher levels of X- .“*1. j 11” m/ii+ /“” I._ll. , $<“. */* ;. +{4*;,* ~;,.~~~6~~~~~~~,~,.~~~~~~~~~~~~~~~‘~~~~~~?~~,~.~~~~“*, il^l”~- .-a 32 L&. *I ,= .I~~,~~~:~!~~“~~;~~~~;~,~~~ >*..z., :“~) 1 “\,. j ,;.$ ,-:,, x_ >, “, <~I .,. . .“,, 3: , .“I” .; “:, .,“~: :i* :L ““, 

ray exposure during fluoroscopically-guided therapeutic procedures. FDA 

believes that the proposed amendrne.nts would not degrade the quality of .I: /*h” .-&w,. a. ) ,.‘,,~r#~.~~>~” I” _ .) 

fluoroscopic images produced,.while reducing the radiation doses. ,, .” 1_ _., *i I^I .,,“i,” ,_c, .,v., %irW,E ._ ;_ .“_ /LX1 _<< ;. . . . 
(! 

There is widespread agreement in the radiological community that -,.- .(_. ̂i, 

radiation doses,,>t.o patients and staff-should be kept“‘as low as reasonably ....~;.-_.:~~l?r,1 :A,*, 

achievable” (ALARA) as a general principle of ra.diation protection, In. _ ,_ 
I I. 

particular, moreover, recent experience has demonstrated that in some few I/r ,“A, v..*,2c* “, ,-.s~“r*,*.,*v _ “-‘*““4*r*~~*ax <WV ~.~“~i,.~~,,*az$&,~~ wG& ..,“ca i, .‘i>*! “: G c I.r,‘,.,y,-(I I “, ;~~~%.a,,~.,:,,. 

cases of fluoroscopically-guided interventional procedures wit?cspeciab long 

irradiation t&es, the magnitudes of the radiatio,n doses.?@ $rge enough to 

cause s,erioo”sinjury to the skin. ,A~,growing number of patients that wee _ , __ 

potentially at risk for acute and. long-term radiation injury makes ‘it important 

to provide ,fluorpscopic systems with features that will assist in reducing the a Y ” .a. ., ,A_ I ,lj * , ” ic:.iil;; i“-r:I -..CII.*i.~,“S: ;&a&*, .,,. ,, +“~‘w~‘:I .tS-.~~‘*.~i~~~:::~~~~~~:.~“-,,‘”~ ,_ _ i _ 1, __ L , ‘_ :_, ,, _.... __ 

radiationto patients while, c.ont+&rg to accMplish the medScal. objectives 
(, 

of the needed procedures, , I ).I i).. ^ .,., ” ...I /,_,s 

The proposed amendnxnts would require that fluo,r,szc,spic x-ray systems %.X _ C’>‘.C *.b “‘:;$““!d,mq,* 

provide equipment features that directly enable th,e user to reduce radiation / / “i .d ...iY ,,.. :f#..“~p-“,“v _ ^ rl” ;I*>. ..* ,L 4 *, r’“., .: :<-,-L-.“l,i’l~:~ :.+,:. id .” “Z ‘..‘.;-:- Ij, ;, ; 

doses and maintain them ALARA. Furthermore, the amendme?%@ !!???!!lCd -1 ,_~. ,-..> ,../, “,‘.li _ -(j w “2“iiriv.:.w4~~.n &. ““ “%:i* “,p+ ““I ,.w,~r~.**,,,.&i I’. -7 /. +-,(” .* I+ ‘““i~~~~~~~~,~~~~-~~:~. :“~~:p~~.~~~~~“.~&:.;” >,I, ~~~e;.:~;.?~~ :‘: ~.~~,“.i&~~ :::+ ;:‘,.:‘i, ,:’ _( ;. I’: f~: ,,,.: “_. :p :,:;.; 1;. 

require provision of information to the user of the equipment in the OWE..&, , r i.w - i* ;>.*rs,,y~-:l ,j,% c.$s;f, S.,J,“.j p:;,.“‘,!,m;,‘. .,&‘,. _,_ 
additional information in the user’s manual or instructions to enable improved “_. **.-. ,.. ~_o~%_*,s,~ .i.*%-,l.. _>I *,>*~iaa,.*.*s,,$ ,%“j;~ k&* .A. ‘A g&&*.*~:“& &;.,z ;:‘ ̂ ( & ;r:;4.;,;3,z:~ :“>.;-:;““.::*: “,y”“‘:,‘. ‘,: 1 .” .,‘f ;\:‘ I’ , :_ ,?; _ ;, , ,<.,, 

8, z 
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use in a manner that minimizes patient exposures,$rd, by extension, 1 b .-*+“a< i..“.~..,hi .il”.>. *<, i.M,,*aA I..>. ,*&“;&;” q*, , I ‘ ); * ( ,,/ 

occupational exposures to medical ,staff: _,, ) ,) i..-, .,.‘ ,/, _, ,, “_ 
_ 

/. 

There is wide agreement that radiation,exposures during fluoroscopy are . .“. ,L ” - IxI*_.,__>,*. :,...r*z,“+,s.:~~ 

not optimized. For ,example, data from the. 1991 Nationwide Evaluation o~,X;,.,~~ .__ ,-i . . + *- i” h 7 ru i_.i;.we~r~8~a ii+i? .;i)“n~~,+-“- ;a& i: h,, :;*?i? .r * .,.*;*, 1, ,,,,, iy j. T”. .,. ,_.T~, * 

ray Trends (NEXT) surveys of fluoroscopic x-ray systems used fQE,upper 

gastrointestinal tract e~~.~~in~ttqgsilupper GI &xW indicate that the FFZG *’ “” ‘: : 1 L 

entrance AKR is typically 5 cGy/min for anad,& piitient (Ref. 28). Properly 

maintained and, adjusted fluoroscopic systems are expected to be able to 

perform the,im,~ging tasks assooj$e”d~ ~ith$.~tupper GI exam with,%! entrance _ ..I/, j,“iT*<~. 

AKR of 2 cGy/min or less (Ref. 8). The NEXT survey data indicate sjgnificant 

room for improvement in this -aspect of fluoroscppic system performance, The. , ,,‘ “.,.*wrdk”~ 

total patient dose.could be significantly reduced were.the.en&ance .4%R ] ,,_ ,,,, _“, “_ ^,. ,. ._ -~ . ..( ,. <,. _*, _ “, _, 

lowered towhat is currently reasonably achievable, and the features required /, ,-a.. Iri.~~irlul*i~~li”~~.~~ ,. : c .-. 

by the proposed amendments vvo-u!d facilitate this reduction. I _,., .,. (* . __) ..,,Z,.” .i lip i i*.e>driu **&“*“j;i :i,, )2n*- -+ ,, -;*;- ,q~q$:y,* i*“2>.c$; a .I**,- 01. *-a, /! a.< * /“YeA.*.l,~ 2, _. :,,, “’ -:, % ‘1; ,;:,,,,< :*..:.i ,i‘:**, __I -. ?I.,-. \“_l ” ?l _, _*,.i “,.. .” .,? ., 

The proposed features of LIH and real-time display of entrance A@% and : i- -*- .** “_“. “-‘.~~,~~~,~~,~-~~,?~~~:,“~~~,~ L I 

cumulative entrance air kerma values are intended to provide fluoroscopists j -,,: ,_- .: ‘y,‘:L‘ ,SPI r’ ‘Wi.” -3’ ~~‘*-?:~p-q- ,e?y,~; $f?‘ *_ _,:, ~,, -i ~.:l, “_ :,- “~~ i: .; >_, ___I I) _._ : 

with means to better limit the, patient radiationexposure. The LIH feature ,I ‘~-2 ,s<. 

would permit decision-making regarding the procedure underway while 

visualizing the anatomy without continuing to expose the patient. The air “. s‘.w”.,ll %l”l,a.> 

kerma- and, AKR-value displays would provide real-time,, feed&&to the .“_I( ;_. ..,,e> “,, ,.,_ ,.“.“w ,rii”+‘.r. ” lici’l;k:j~~~, ,_.*G >.‘*>,*.^,,“.-**; .,->s__ I_ ,s I w*,“2 WV ij4 L _ 

fluoroscopists and are anti-cipated to result in improved fluoroscopist 

performance to limit radiation dose b,aaed on the immediate availability of “((_ \) ‘S. .Yc,_*“ill *,i.,_, .bd.>. ,,, ; _ / ‘;L”j. :*,f?i.X T,.” ,:,+y.*“*:. CJj’^ I ,_ -‘-+,“I- ,**,r_ \, . / ,d<*“-i~., ../ ii‘..*.” ,,x. _ ‘“..l, ,%” <‘.V,<‘Y :&, 3%. 1 & -+ ; ” : ~P,~!,:: “~~;:~~3~!~~, . , -, , 1 ̂, 1 ‘” ,“/: _ ,_ ” ;; , 1 (_I 

information, regarding that dose Realization of the potential ” 2” .x *z -~..-.&-?“(111;14 p?\*-“i*“.pi dose-reducti.on 

benefits would require fluor,oscopists to take a,dv.?n&ge of these Proposed 

features and optimize the way they use fluoroscopic systems. 
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The potentiaJ,iimpact of the change in the beam quality requirement, which 

would apply to most -radiographic ,and -311 fluoroscopic systems, can be ‘seen ._ I 1 ,. _,\, <,r*.l .)A .-,.,lli--ii.r”-iri,~~.~,,‘:,“~“~. 

Program for the current standard. Since January $,1996, FDA has cond,!G?d ._ L ,- .a ;- 7.: I<iB? ~rl%q~ ~~~~*$~**+ww* _i __ .:.. ‘. 

4,832 tests of.heam_auality, that is, measurem,ent of the HVL of the beam for ..,.. ~4-,,- il. . .‘ii”^*~~r*” i”iri,,...“? .P lj”l jij__j ,.&>iA /. . j i (,_ ,; ^ 

newly installed x-ray systems. ,Of these tests, ‘only 15, systems did not meet .a”* _.,.a^” >%..‘a. .__ 

the current HVL or beam quality requirement. if the requirements for. HVb. j __ ,, _,. _*i “.,,,>&. / * ‘A_.- M v &~a ..1 .” s. A,” ,^ l,.l”l, \_‘“,_ i, _ _,_ _ /, (. 3 . . I”. ,.. ._ “,_, ,_, -, ,, ,_ .^ 
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The requirements proposed in” theseamendments implement many of the _* e *_d/_ :.*.i.,~“c~~~~,~.i:.*~~:~~~~~ .- ““. 

suggestions and, recommendations developed by’ members &the xadio!ogical F.” I‘% ._ ;.ait-,~.~~i?cr~,~.~~~~ie~~~~~~~~~~~~~~”. _ i / )_ “~ , , , , _i e ,. /._a ., ,,, ,, 

community at the ICIQ ~+rkshop on Fluwsc,opy sponsored by the American ., 

College of Radiology and FDA (Ref. 8). The reco~m~n~~~~~~~~~~~:.this.,, .., .;:. i i _I ,, _, ? ,,-$. ‘- ,,,:_ ,I ),, ),_ .:,i 

workshop stressed the need to provide users of fluoroscopy with improved . .,.._ .+,_ . $.a,.+* II^“x,_ l/,+ 

features en,gbJing more informed use of this increasingly complex equipment. ! . . ,e I a .,..a Y( -,. *x(i ,ahi ,.*. * d.:C ~r-?l~i~i~~~~,~~~.~~,,~ .~ , x _(,_ j 

In addition, three radiological professional organizations indicated their (.I (.,. I.;. I . ~ 1. _ ._ -. <,_ , I . . ., ._ / ., “_ ! 
opinions to FDA, that radjoiogists woulduse the new features to bette~=~~~~~~~~e... A.:? ,_ ,, / I*. 1. 1 .-eP.lrr *, .>, *, .yv,.m”t.* .c1”“( ~.*jg;,;“‘~(;,‘! *: ” ;X>~,>;*~:&\$&* *7 _,” ” h_l /-. 

: 
.patient radiation. exposure. ’ 

H. Estimatisg of Benefits 
,,. 

Projected benef& are quantified.belovQn terms of: (1). collective dose A.,.. -:_. .:*I>.” ., _.> ,,., , , 4 
,. , 

savings, (2) numbers of,lives2.spared premature death aaso,c@ed with radiation- f;;-;. i-4 .+: i ****j,; 3.“” g 111 c,< .;A;,. >w, f”> ” .t ,*...* Eli . 1 ,..,e >%I 

induced cancer,, (3) collective years of life spared premature death, (4) numbers 

of reports of fluorpscopic skin, burns,precluded, and (5) pecuniary estimates 

associated withthe preceding four itemsThe estimates represent average .( ” ‘ ii’,,& -/,,_l.*.ld -i.-‘r.x I _‘d 

annual benefits projected to ramp up during a IO-year interval in which new .i .- __. 

fluoroscopic systems conforming to the proposed‘rules are phased into use in 

the United States. (FDA assumes.t.hat~Ic years after the effective date of the ” \“I w”I-illl!t. i__, i‘ll..r ..s ‘*.vli..cjllr, ~&dl”w.i,~~~~ .‘,~f,,.‘:~ *_, ,.,_ _ j .,$ ,~,, l”_, , ._l _“:.‘~,/_: j “” I, .- _ 

proposed rules al! fluoroscopic systems th”en’in use would conform to th,ose ~!.. ___ ~ “. /. __ _r ,..AX ,I E,W “.” ‘I I”^ il...< ..,.*.*,.I_ .,.,. I-*.*.,* YLI‘.,i/_l .,* ,.,, ,>< *,\ :) (. I*_,*I/ . ‘,,i 

rules and,-t,h,at associated recurring benefits would-continue to accrue at ,- .-* a--l- .LIe-,r .r~;i~*~d,“i. ,ll.~~~~~~~.“~~~.~,~.l*“--’ , x I, “) , : A; .L ,. “, ‘“sd. l.ilk-.*.b #.,*~a-* I w>*o!i”.. A9 Nk&# Iz~*#?s?~c++,~>~ -1 :*/, ,.“,,$ ,,“> .;. t,i I $,: j ,. , i, I, ~ ,.“‘ b .y-* _.. ,,’ -1’ ~ I_ , ” ,- / ” 

constant rates.) Annual pecuniary estimates that are ,qqged overthe W-year 

ramp-up interval and. th,at are associated with prevention ofcancer mcidence9. ,“P) Q-$,*,,r.+,.” ‘~h-:.~~.,,~.~~.,~-r.,;~~~,.~.~~;.~,.,~~~~~~.~ I _ j 

preclusion of premature mortality, and obviationiof cancer treatment are based . ,, /I. “i+d~“a~*.~. “-‘i:*&,i- s_.. -*.“,*,r ./&. ~,hl’*~..-*,&&<;; .e .4&L “i~,~,,“,~~:g,:~.~,~p,~,~~~*~~ J$$p : ;) ,_ w, >&: .< a”i > 1 j -, / ‘> ,;...<, 

on the projected nu-mbers of lives spared premature ,death.,,.These pecuniary . I,b-(^ (...o . ..a-. ,b*ai-i.*~.se-* 

estimates are, valued in current dollars using a’7 percent discount rate covering -.,. <.)‘ ~.I.~C”~,i_/ .;.>%*l-,,,‘, .j L “^, ),.^ I ,,) 8L.A ^ .“,;, +.L*d “‘;‘u:,‘:.~~~~“p*’ &$z ~ && ,__, ,/ _x.I ,‘,, _j; _ ,_, ,‘__ , _ . ...* b.. i _ / _ 

the ident@! a&year evaluat&n period used, in thea cost$p&sis (see section ._ 
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VI.1). Based on-an economic model of society’s willingness to pay a premium (, .” ..” - -.._ .,. ,I ,,/. , /_.“.~ ,.__, ,~i::r.z;r:.I;~~.~:“.;;lc~.,~~,“~~,? : ,/ _, ) ,_l , _,.( -, _~ _ i ,- I I. 

for high-risk jobs, we associate a, value of $.5 n@honfor each statistical death -, “” “y‘” _Y ‘.“r”” .~..C ..--iri *“Awl i u l.~~~~ m*~6s~&& 3. es-, 1 *<,:‘<’ j ; 2.: ,a_ .i --* , .,,““~ ,_, ( ~,J) x ,., 

avoided, $25,000 for preclusion of each cancer trehtment, and $5,000 for .( \ il.>” _. I”,.... *.>*m .” ul-nE-* it”** b*;., ,~,,~~~~.o~~~~.~b,“r-;i*:ri;,,-r)- ., .>&,r,*,i ,4,,y~* “r ii>-* f ,~ , _% I_ I ,; _. (, ̂  ,- ” ,L ,_ j. . y 

preclusion of cancer’s psychological impact. 12% benefits YKJ$!.& realized *L”..-:i .‘*‘:“llrr14 j . , _ _ ;_ ^_ _ 

20 years fol,Jovvng exposure (after a period of 19 years of cancer latency 

followed by a period of 10 years of surv&~l). Details, notes, and references 

for this analysis are provided in,Ref. 29. The low, middle, and high estimates j ..-_* f . I%“, v\ lr.?~-iw ,_a, ,., ~ ” ,, ^._ ,__ , j/ ri” . . ..!~i . L, _ / 1 
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procedures. T,he,_procedures considered are those of PTCA, CA, and UGI. There / “i **- 7. ..~ip”~.ww.~~~ spy ‘: .~~s+w~, 1 .epa?,*au:“d~,* es ” “‘“” ,,* a %u% s ’ -?*- ‘-“.‘W. rs hi,+ -,,. “‘+ .>. , .<.. j. (j li ~ ;: i. ; ‘yiL:-‘, I.<.,* j 

are other very highly utilized fluoroscopic prokedures, for example, the barium 

enema examination! whose dose savings might be &comparable magnitude e..I Y1 .,,.a* uI*b_b. , ^I , . .‘( “,“I (..b) ,” .A_ > , r ,, j ) ̂  ,, _. ._ , . 

to those of DC& that are not in$udedat all in this analysis. The three -.*> I‘ . . . .,*‘~,.~~*“~,..y~,,,*L.~~~i .\( f,$ ;,,_;-, j 

amendments .considered would require new fluoros$@id xlray systems to: (1) .e.. !. ., \ ..(__ “< ~=., : :.*;+ T,.,“” ., 

Display the rate, time and cumulative total o~.~~.~~~~~~n.““~~~“Sion; (2) collimate z r.C-.. ., i:s: ,*,n. ,?>*; ,,& &i: -;a<. ,: : ,-; ,“-e-*.$,+ j Sj. ,;- ::: %.<,i”,. “p a;. *.z 1.F’ ,-; _ .,, .); ,-,. i _^, _“I ,: .‘y ; ‘_ 

the x-ray beam more efficiently; and (3) filter out more-,qf,~e,lq~,,,energy x- 

ray photons from-the x-ray beam, Proposed requirements for the source-skin .*, u,* *u,‘..“~ ,& .A- * 6..* ,.I:,. i’. ,, -. (, ,j7 ‘,*.“‘: A.’ ,- .~) > i” 

distance for small c-armfluoroscopes (section 11. J of this docu~~N1 and for ^ -. ,; 1 . “, , 5. 

nrnvicinn nf thn lmt-image hold feature on all,fhrorossopic systems (section 

ILL of this &ument) will also directly reduce dose, but their dose reduuctions. 4 I. 1, i .Il? .,:..‘-...,. ;, _. _, _ ,, ,^ I i.: , .^ 

are expected to be, much smaller. than those associated with the preceding -- ,-T s . .,,,,i*~~.wl,,+“~~” /: >: I-‘:, ;“> ;^: ..“,.~y(, :.,> I.-, ‘!,, +,, , ‘6 ” 7: :.$,7: :j- -:. :“,@L i “:: ,_ , ,, ~;’ . /./ ,, x. i’ 

clarifications.,,of the applicability of the standard, changes in definiti,ons, _ i 1-1 . L ;, i‘. 

corrections, of errors, and other.&anges that contribute generally to the ,^r jl* .,!i‘, I” / 2 

effective.nes.s~of,&nplementation. of the standard. -*‘t/P Vl if -.‘*p=y-o’~ .I. rr, -i L i “, ,“~.:r.>r”“‘. , ,_ , __ ^” 

^ ,,, ,,/. 

‘-, ,r._ 

. . 

.- 

Most of the, assumptions,,rationales, and data sources underlying the 1 -  ,” 

benefit projections are-explicitly detailed inRef. .q$~.md its notes and 1 ., a. “;,y~~“~~..:->f~~ ,.- “c.,” .- I *i j _;_, ,I _ 
.I 

references. Th,aa,analysis, however, is incomplete insofar as itrefers,,.onlY~to . “. ,.I. r--“_ci._i,-~.r<* .““;: _ u 5 .~ w,-l ” .‘ 

a single set of point estimates?, &order to develop a range of projections with . “*-~--Yi .** I-r*.* ,~:9b~b,::~<&& _i _ *, _ I _, _j ., _;t , ., ,,I’^ I ..I ^ . ._ ___l_ 
a nominalJy high level of confidence, several additiona&s6umptions are ^ .iu .I,, i”_Xxb “.,*,‘*3y ,. , ,_, ;& ,,;, “‘,~/; : ‘: ..“k~ I,., *-_, 

needed. Among the most important of.the.un~erpinnings of the analysis are: 

(I) The projected percentage dose reductions &&&ponding to the three 

amendments considered and (2) the dependence on the ris~~.@$nates,for , ,,j I , I I, $: ,..-^b .id.*i*x*‘iili. . . il’-,*. l,i. _,,. >,\_> .,, Ailijb,. “* _(.., _* _,_j ,_,,; 4 “I” -if’- .ir’.- ‘3 (..,’ _,., , ,.“,, , ̂  ,,\ .,, ,^:,ii ,_, _ _, .:. .lj , ?_ 

cancer ,mortality from the U.S. National Research Council Committee on the ,.-d-l.li<l .I*L-“s*“e ‘hx ,*. ̂_ , .A lsi ._.&% ‘*i .,.<.‘“L in *‘*,~:;&& . . . .3” f;,,,.. : fi”‘i;: *< “~,:‘~~.:““:-~!,‘:y! fy” ~~~y”ri”.‘~~ 2 ‘” i”’ : ;;g ;.:* ._ ,_ ,;l_ :“,,,; 

a;, 1 filr;Pa~ pffortc *f TonjajnP Radiation (BEIR V) (Ref. 22). For the former, FDA 



I  



latter Value also agrees with that in the ra-vmt rmtf;atAr nf th, TT=:+A XT-d--- - 

If Atomic Radiation in the “UNSCEAR Scientific Committee on the Effects o 

2000 Report” (Ref. 31). 

All of the contributions of relative uncertainty appropriate for the 

projections of collective dose savings, lives and years of life spared prematu 

death associated with radiation-induced cancer, numbers of reports of 

ire 

fluoroscopic skin burns precluded, and associated pecuniary estimates are 

summed in quadrature. For the projected collective dose savings, the root 
^ ). ..; ..I . . ., . ; 

quadrature sum yields an overall relative uncertainty of a factor of 2.3 lower 
, . . , .“., .‘2”‘, . 8: _. . . 

and higher than the modal point estimates and corresponding respectively to 

the 5th and 95th percentiles of a nominal distribution of confidence: for the 
* ” 

projected numbers of lives and years of life spared premature death, the overall 

relative uncertain kty is a factor of 3.6 lower and higher. 

I. Costs of Implementing the Proposed Regulations 

Costs to manufacturers of fluoroscopic and rad liographic systems would -_ - 

increase due to these proposals. FDA would also experi&ce,costs for increased 

compliance activities. Some costs represent one-time expenditures to develop 

new designs or manufacturing processes to incorporate the regulatory changes. 

Other costs are the ongoing costs of providing improved equipment 

performance and features with each installed unit. FDA developed unit cost 

estimates for each required activity and multiplied the respective unit cost by 

the relevant variables in the affected industry segment. One+m”e costs are 
^.,r . 

amortized over the estimated useful life of a fluoroscopy system (10 years) 

using a 7 percent discount rate. This allows costs to be analyzed as average 

annualized costs as well as first year expenditures, 

* 



FDA developed these cost estimates b& ,i -~- 3d on its experience with the 

- v  ” 
~~ -_______ -Icturing practices of .._ _. 

industry and its knowledge regarding design and manllfa 

the industry. Initially, gross, upper-bound estimates were selected to ensure 

that expected costs were adequately addressed. The initial assumptions and 
. .._ 

estimates were posted on FDA’s Web site and circulated to the affected 

industry for comment in July 2000. FDA received no comments on these initial”, 

upper-bound estimates and therefore believes that they were generally in line 

with industry expectations. Since then, in order to refine the estimates to 

provide a more accurate representation of the upper-bound costs of the 

proposed amendments, FDA re-examined its estimating assumptions and 

reduced some unit cost figures based on the expectation that future economies 

of scale would reduce the expense,of some required features. This section 

presents a brief discussion of the cost estimates. A detailed description of this 

analysis is given in Ref. 33. 

run nas no mrormation, indication, or economic presumption that costs 

estimated to be borne by manufacturers would be passed on to purchasers. 

The cost analysis therefore is limited to those parties who would be directly 

affected by the adoption of the proposed amendments namely, manufacturers _, j, .’ ~.;.-:,‘, _ 
and FDA itself. FDA requests any information on the costs that would be 

imposed by these new requirements that would aid in refining the cost . 

estimates. 

1. Costs Associated With Requirements Affecting Equipment Design 

The agency estimates that approximately one-half (20) of the -. ’ ’ 

manufacturers of x-ray systems will have to make design and manufacturing 

changes to comply with the revised beam quality requirements. It, is estim,ated .” 

that a total of 200 x-ray models would be affected‘, with a &e-time cost of * 
c ,” 



I , 
at most $20,000 per model. These numbers i;esuft”in an estim’ated first year 

expenditure of $4.0 million to redesign systems to meet the new beam quality 

requirement. 

It will be necessary for manufacturers of fluoroscopic systems equipped 

with x-ray tubes with high heat capacity to redesign some-systems to provide 
* 

a means to add additional beam filtration. @A estimates a design cost of 

$50,000 per model. A total of 1,OO models are likely to be affected for a one- 

time cost of $5.0 million to fluoroscopic system manufacturers. In addition, 

each system would cost more to manufacture because of the increased c,osts 

for components to provide the added feature. The increased cost of this added 

feature is estimated at $1,000 per fluoroscopic system. A total of 650 

fluoroscopic systems are estimated to be installed annually with high heat 

capacity x-ray tubes, resulting in a total of $0,65 million in increased &tnual 

costs. 

Modification of x-ray systems to meet the revised~ requirement for field 

limitation will entail either changes in installation and adjustment procedures, 
> 

or redesign of systems. Each fluoroscopic system would need either 

modification in the adjustment procedure for the collimators (for which new 

installation and adjustment procedures would be developed at an estimated 

one-time cost of $20,000 per model) or collimators would need to be 
(’ .t. .L I 

redesigned at an estimated cost of $50,000 per model. l?fiA has’assumed that 

one-half of all flouroscopic x-ray system models (5 models each for 20 

manufacturers) would need modifications to meet the new requirement, while 

the remainder would either meet the new requirement or could meet it through 

very minor modifications in the collimator adjustment procedure. For those 

system models not meeting the new requirement, it is assumed that a redesign 
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of the collimator system is required at a cost of about $50,000 per model, 

leading to an upper-bound estimate of the total redesign cost of $5.0 million 
“. ,, __.I 

(20 manufacturers x 5 models x $50,000). All stationary fluoroscopic systems 

would most likely need redesigned collimators that would add an additional 

$2,000 per new system due to increased complexity of the collimator. An 

annual industry cost increase of $5.0 million accounts for all 2,500 annual 

’ 

installations of systems with these more expensive collimators. 
_ 

The proposals to modify the requirement limiting the maximum entrance 

AKR and to remove the exception to the limit during recording of images in 

analog format using a video recorder will only affect the adjustment of newly 

installed systems having such recording capability. This requirement is not 

expected to impose significant costs. 

FDA is proposing that aii*fluorosc.opic sjrite-Gs inciude;d;;p~ays’;~ a-,. ~ ” ” L - 
- ‘) 

irradiation time, AKR, and cumulative air.kerma to assist operators in keeping 

track of patient exposures and avoiding overexposures. Each model of 

fluoroscopic system would need to be redesigned (at a max&m.rm .estimated 

cost of $50,000 per model) for a one-time estimated cost of $10.0 million (200 

models x $.!?O,OOO). Accessory.or-add-on equipment for existing fluoroscopic 

systems that provide similar information are currently available for an 

additional cost of over $10,000 per system. However, FDA expects the average 

manufacturing cost of including such a feature as an integral feature of a 

fluoroscopic system to be less than $4,000 per system, due to achievable 

economies of scale and integr&on with other system computer capabilities. 

This assumption results in annual cost increases of $16.8 million (4,200 annual I ” ,,- I 

installations x $4,000). 
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The proposed amendments would require that all ‘newly manufactured 
_. 

fluoroscopic systems be provided with LIH capability. FDA expects that 10 

fluoroscopic system manufacturers would need to redesign their systems to 

include this technology at a maximum cost of $100,000 per manufacturer. Total 

one-time design costs would equal $1.0 million for the industry (10 

manufacturers x $100,000). It, is ,estimatedthat about half of the new systems 

installed would already be equipped with this feature. Thus, about half of the 
._ 1 

newly installed systems that currently do not provide this feature would need 
L 1 :” 

it. FDA estimates that the cost would be an additional’$2,&0 for each system 

required to have this feature. Thus, annual costs would increase by $4.2 

million (2,100 annual systems x $2,000). 

The amendment clarifying the requirement for MSSD for small C-arm 

systems is anticipated to require redesign of several of these systems. As there 

are only three manufacturers of these systems, and the redesign costs are .‘I _I . .,.. I 1 ’ I 
estimated to be no more than $50,000 per system, the total one-time cost for 

this change would be $0.2 million. The average annualized cost of this 

proposed change would be negligible. 

In summary, total industry costs for compliance with the amendments in 

the area of equipment design include one-time costs of $25.2 million. This total 
/ 

equals an average annualized cost (7 percent discount rate over 10 years) of 
! 

$3.6 millio I n. n addition, annual recurring costs for new equipment features 

associated with these proposed provisions arc expected to equal $26.7 million. 

2. Costs Associated With Additional Information for users . 

The proposed amendments would require that additional information be 

provided in the user instruct&s regarding fluoroscopic systems. FDA has 

estimated that each model of fluoroscopic system would need a revised and 



,a.. 

80 
b .( ‘I_ ‘,’ ‘I 2 

augmented instruction manual at a cost of less than $!5,000 per mode 1. This 

is equal to a maximum one-time cost of $1.0 million (200 nG&Gof ’ 
“_ 

fluoroscopic systems x $5,000) and implies maximum average annualized costs 

of $0.14 million. In addition, each newly installed system would include an 

improved instruction manual. FDA estimates a cost of $20 per manual for 

printing and distribution of the required additional information. Each cf the 

4,200 installed fluoroscopysystems would include a revised manual for an 

annual cost of approximately’~$O.l million. 
,. . i 

Related to the requirements for additional information-is the proposal to 

< change the quantity used to describe the radiation produced by the x-ray ” 

system. Because the change to use of the quantity air kerma does not require 

any changes or actions on the part of manufacturers or users, there is no 

significant cost associated with it. 

3. Costs Associated With Clarifications -and Adaptations to New Technologies 

The new definitions and clarifications of’-applicabifqt;‘prop’osed’for’the 

standard do not pose any significant new or additional costs on manufacturers. 

4. FDA Costs Associated With Compliance Activities 
/<I..’ 

FDA costs would increase due to the increased compliance activities that 

would,result from these proposed regulations: In addition, FDA would 

experience implementation costs in developing and publicizing the new 

requirements. FDA has estimated that approximately five full-time equivalent 

employees (FTEs) would be required to implement the proposed regulations 
.i 

and conduct training of field inspectors. Using the current estimate of $117,000 

per FTE, the one-time cost of implementation to FDA is approximately $6.6 

million. Amortizing this cost over a lo-year evaluation period using a 7 bercent 

discount rate results in average annualized costs of about $0.1 million. @going 
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costs of annual compliance activities tire expect?% to require about three FTEs, 

or a little more than $0.3 milhon per year. 

5. Total Costs of the Proposed Regulation 

The estimated costs of the amendments identified as having any significant 

cost impact are summarized in table 7 of this document. The costs are 

identified as non-recurring costs that must be met initially or as annual costs 

associated with continued production of systems meeting the proposed 

requirements or additional annual enforcement of the amendments. The, total 

annualized cost of the proposed regulations (averaged over 10 years) equals 

$30.8 million, of which $30.4 million would be borne by manufacturers. The 

annualized estimate of $30.8 million represents amortiza&‘of’fkst year costs 
I ., 

of $53.8 million and expenditures from years 2 through 10 of $27 million 

annually. 

TABLE 7.-SuMMARY 0~ CUTS 0~ AMENDMENTS 
e ‘ /“, .-.... ,* _. ,?n,~**_.“-‘/. ,.,+,.i*;. _^\% ,__i~l a_ t_*,” .<*<a **“a.” ,..: b’i i-r,?, i ji~r *,x: I ,.” “L, /‘ A:~ l.,\..,j*, wid+.~‘*~r,, i‘; <* .,, 4, i,‘.;L. .,,,;.’ , ,~ ..’ L ’ 

Non-recurring Costs to Annual Costs to’ 
Amendment Described in Section Manufacturers ($ Non-recuqing Costs to 

FDA ($ millions) Manufacturers ($ Annual Costs to FDA 
millions) millions) ($ millions) 

:. 
1I.A none 0.0059 none .I ,j ,+_* none 

1l.B none 0.0324 ,* .,_,.^ none none 

1f.D 1.0 none 0.084 ..", " 0.0117 

1I.E 9.0 0.0117 0.650 
Ir f ;' _I 

none 

1I.F 5.0 0.0468 ^ .i. 5.0 none 

II.G, II.H, and 11.1 none none none none 

1I.J 0.150 0.0234 none : . none 

II.K 10.0 , 0.4680 16.8 0.2340 

ILL 1.0 0.0234 4.2 none 

Total 26.150 0.6026 26.734 0.2457 

Therefore; during the first’10 years after the effective date of the proposed ‘” 
, 

amendments, the average annual cost is estimated to be $30.8 million, 

compared to a projected average-annual benefits of $320 million, within‘a 

range estimated between $88 million and $l.L! billion:’ I’.‘ “. 



J. Small Business Imwacts 

FDA believes that it is likely that the proposed rule will have a significant 

impact on a substantial number of small entities and has conducted an IRFA. 

Tl’ ‘*-*- - us analysis is designed to assess the impact of the proposed rule on small 

entities and alert any impacted I entities of the expected impact. 

1. Description of Impact 

The objective of the proposed regulation’is to reduce the likelihood of 
? _~, 

adverse events due to unnecessary exposure to radiation during diagnostic x- 
., 

ray procedures, primarily fluoroscopic procedures. The amendments would 

accomplish this by requiring performance features on all fluoroscopic x-ray 

systems that would protect patients and health personnel while maintaining 

image quality. 

Manufacturers of diagnostic x-ray systems, including fluoroscopy ’ 

equipment, are grouped within the North American Industry Classification 

System (NAICS) industry code 334517 (Irradiation Apparatus Manufacturers)l. 

The Small Business Admi~nistration (SRA) classifies as’ “small” any entity with 

500 or fewer employees within this industry. Relatively small numbers of 
^,.j ...., 

employees typify firms within’ this ‘$JAICS &de group. &Out one-half ‘of the ” 

establishments within this industry employ fewer than 20 workers, and ’ 

companies have an average of 1.2 establishments per company. The 

manufacturers are relatively specialized, with about 84 percent of company 

sales coming from within the affected industry. In addition, 97 percent of all 

shipments of irradiation equipment originate by manufacturers classified 

within this industry. 
PI, 

lNAICS has replaced the Standard Indu&U Cla~~ificatidn’iS~~cj-c;;;ies.‘NAICS Industry ..*G .-a<, .l.,>Z ‘ ..,l -“*.^A Group 334517 (Irradiation Apparat~~)“c6inlc~~~~ with SIC Group 3343 (X-%jr’A-I;$E$&” and 
Tubing). 
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--The Manufacturing Industry Series report on hradiation Apparatus 

Manufacturing for NAICS code 334517 from the 1997 Economic Census 

indicates 136 companies having 154 establishments for this industry in the 

United States. This report also indicates that only 15 of these establishments 
I 

have 250 or more employees,‘with only 5 establishments having more than 
i ’ 

500 employees. Therefore, this-industry sector &predominately composed of -^ 

firms meeting the SBA description of a “small entity.” Of the total value of 

shipments of $3,797,837,000 for this industry, 73 percent are from the 15 

establishments with 250 or more employees. ,Thus, for the purposes of the 

IRFA, most of the diagnostic x-ray equipment manufacturing firms that will 

be affected by these proposed amendments are small entities. 
’ _, 

The impact of the proposed amendments will be similar on manufacturers 

of diagnostic x-ray systems, whether or not they are small entities. This impact 

is the increased costs to design and manufacture x-ray systems that meet the 

new requirements. For those manufacturers that produce smaller numbers of 

systems per year, the impact of the cost of system redesign to meet the new 

requirements will result in a greater per unit cost impact than for’ ’ 

manufacturers with a high volume of unit sales over which the development 

costs may be spread. This may have a disproportionate impact on the very 

small firms with a low volume of sales. 

FDA considered whether there were approaches that could be taken,to 
/ 

mitigate this impact on the firms producing the smaller numbers of systems. 

FDA, however, identified no feasible way to do this and also accomplish the 
~ (. _..^ .‘” 1 (, 

needed public health protection: ‘The proposed radiation-safety-related ’ 

requirements are appropriate for any x-ray system, independent of the 

circumstances of the manufacturer. FDA nnnsi:ders it annrnnris 

_ - A, 

-- ---------- -- “TT”“~A’” te for any firm 
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producing x-ray systems to provide the level CZ radiation Protection that’wiil 
I. ,~.. ,I 

7 ,,,, w -- - 

rav A? Caminations or be aHorded by the revised standard. Patients receiving x---~ __ 

procedures warrant the same. degree of radiation safety regardless of the 

circumstances of the manufa?turer of the equipment. 

2. Analysis of Alternatives _ 

FDA examined and rejecied several alternatives to proposing amendments 

to the performance standard.‘One al&native was to take no actions to modify 
, 

the standard. This option wa$ rejected because it would not permit clarification 

of the manner in which the standard should be applied to the technological 

changes occurring with fluoroscopic x-ray system design and function. This 

option was also rejected as fafliiig36 m&i &i! pubiic’.expectation’that &e ‘. ’ .- 
! 

federal performance standard’ &tires ad.equate radiation safety performance 
,_ 

and features for fluoroscopic x-ray systems. The changes that have occurred 

since the standard was developed in the earl+ 1970s necessitate 
- 1 

_ 

modification 

of the standard to reflect current technology and to recognize the increased 

radiation hazards posed by new fluoroscopic techniques and procedures. 

A portion of the concern and the unnecessary radiation exposure resulting 

from current fluoroscopic practices might be addressed through the from current fluoroscopic practices might be addressed through the 
j j : .” : .” .” .” 

establishment of controls and requirements regarding the qualifications and establishment of controls and requirements regarding the qualifications and 

training of physicians permit&d or allowed to use fluoroscopic systems. Such 

lvYUllUJlllQllL3 buuI~ ~D~ULG LII~LL, LUIJLK~I~ LU ine current situation, all pprlyslclans requirements could assure that, contrary to th’e current situation, all physicians .” .” 

using fluoroscopy are adequately trained r&g&d&g‘&&&& saf& pra&es,’ using nuoroscopy are adequately trained regarding radiation safety practices, 

proper fluoroscopic system us?, and methods fc proper fluoroscopic system us?, and methods for assuring that patient doses 

are maintained as low as possible. This alternative was rejected b&ause’FDA 

does not have the authority, under current law, to estiblish such requirements. 

To be effective, such a program would have to be established by States or I u ue enecrlve, sucn a program would have to be established by States or “3 “3 3 ‘_ 3 ‘_ Pi I ,’ _I ‘,’ 

. 
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medical professional societies or ceWicatio$ b&&s: While recognizing that 

encouragement of such activities by FDA is worthwhil6, reliance on such 

efforts alone would not result in the needed performance improvement of 

fluoroscopic x-ray systems. FDA concluded that improved use of fiuor&copy 
,, .)‘. _. . 

requires the dose reduction fbatures -and operator feedback mechanism 

regarding patient doses that would-be provided dy the proposed amendments. 

Alternatives to the specific amendments proposed were also considered 

in developing these proposals. These alternatives are described in detail in the ,, ., 

assessment report developed and filed as part of the information supporting 

these amendments (Ref. 33). J?DA reqti&& c&&%&s on &&at&es to&e& 
,. 

proposed amendments that would accomplish the needed public health 

protection and, in particular, any alternatives that could mitigate the impact 

of the proposed amendments .on small ,busin&ses. 

3. Ensuring Small EnCity PXZ@‘%ti 

FDA believes it is possible ‘that the proposed regulation could have a 

significant impact on small entities. The impact would occur due to increased 

design and production costs for fluorosconv svstems. FDA solicits comment 
IJ -J 

; ‘. 
on the nature of this impact and whether theie are reasonable alternatives that 

might accomplish the intende,$ public health’goals. 
,. _. 

The proposed regulation will be available on the Internet at http:;; 1 ^’ 

www.fda.gov for review by ali’ interested parties, and all comments ‘Gill be 

considered prior to final implementation of the ref 
. Julation. In addition,. VDA 

will communicate the proposed regulation to ‘manufacturer organizations and - ” 

trade associations as well as parties that have previously indicated an interest 

in amendments to the diagnostic x-ray equipment performance standard. The 

proposed amendments will also be brought to the attmtinn nf rPlm7ant rrlediml 



professional societies and organi&&ns tihQ& r$&rr;iD&;$are l&ely to use . I _ I ., I ,.,- 
fluoroscopic x;ray systems. l!DA will solkit ‘the assistance of the SBA Guring 

:. . 
the comment period to assurk that all small manufactuks impacted by the 

proposed amendments are aware of then opportunity to comment on the 

proposal, possible alternatives and its impact. 

K. Reporting Requirements ad Duplicate Rdes 

FDA has concluded that the proposed rule imposes new reporting and 

other compliance requirements on small bustnesses. In addition, FDA has 
. . .- 

identified no relevant Federal rules that may duplic&& overlap, or conflict 
I 

with the proposed rule. The cost in the labeling is addressed previously. 

L. Conclusion of the Analysis.of Impacts 

FDA has examined the impacts of the proposed amendments to the’ 

performance standard. Based on this evaluation, an upper-bound estimate has 

been made for average annual@d costs amounting to $30.8 million, of Which 

$30.4 million would be borne:hy the~‘manGfa&ur&s of this equipment. @DA 

believes that the reductions ig acute and long-term radiation injuries to 

patients that would be facilitated by the proposed amendments would 
,, ,-- ^.. 

appreciably outweigh the upper-bound costs kstimated for compliank &ith the 

rules. Finally, FDA has concluded that ii is likkly that this @ro’&al &Glh ’ 

have a significant impact on a substantial number of small entX&. __ 

FDA solicits comment on all aspects of this analysis and all assumptions. 

used. . . ..-^I 

VII. Federalism 

_“, .I _“, .I 
_‘ 

- FDA has analyzed this proposed rule in accordance with the principles 
---- .I. I 

set forth in Executive Order 13132. FDA has determined that the proposed rtile 
~2 
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does not contain policies that have substantial direct effect on the States, on 

the relationship between the~‘N&“onal Government &-rd the States, or on the 
A. ,, :. ,j I 

distribution of power and responsibilities- among the various levels of II .j,. ,. 

government. Accordingly, the agency has concluded that the rule does not 
_” ,- 

contain policies that have federalism im$c&n<as defined”in the Executive 

order and, consequently, a federalism summary impact statement is not 

required. 

VIII. Submission of Comments VIII. Submission of Comments 

Interested persons may submit to the Dockets Management Branch (see Interested persons may submit to the Dockets Management Branch (see 

ADDRESSES) written or electronic comments regarding this proposal. Two ADDRESSES) written or electronic comments regarding this proposal. Two 

copies of any mailed comments are to be submitted, except that individ~uals copies of any mailed comments are to be submitted, except that individ~uals 

may submit one copy. Comments are to be identified with the docket number 
_ found in brackets in the hea~~~~, brfhii .d~cu~eni~.-i~f~;~ ~cornmkntsmay ,w- 

be seen in the Dockets Management Branch between 9 a.m. and 4 p.m., 

Monday through Friday. 
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lList of Subjects in 21 CFR pan r-ii;~~~~. G.,“.,,* ;/._ +;>.++; ,// \,~.,.~/x_~~31i/~‘, _,./+ .I. ,/-” I, ,i I- l,j’. ’ ! % ./ 

Electronic products, Medical devices, Radiation protection, Reporting and 

recordkeeping requirements,‘Television, X-rays. 

Therefore, under the Federal Food, Drug, and Cosmetic A&and under ’ ‘. ” 
j a(* 

authority delegated to the Commissioner of Food, and Drugs; it ‘is IG%posed’ ‘“I’ ” 

that 21 CFR part 1020 be amended as follows: 

PART ,020--PERF*R’~~NC:E”S~~~~~~~~‘~~Ci,j~~,~~~~~~~~i‘;li’i’~~~~*‘ ,,.‘ ._ ,...I I .- / 

EM,TTING PROD;lr~ts * ._ ” .. ,/ 1’. .’ 1 ‘, .‘. ’ .I 

1. ,The authority citationfor 21 CFR part 1020 continues to read as follows: 

Authority: 21 U.S.C. 351,352,360e-366j,360g&-360ss, &'1;'381. ~' 

2. Revise §1020.30 to read as follows: 
’ 

9 1020.30 Diagnostid xiray systems and thdr major components. ’ 

(a) Applicability-(l) The provisions of this section are applicable to: . . ,‘ 2 

(i) The following components of diagnostic x-ray systems: 
“, 

(A) Tube housing assemblies, x-ray controls, x-ray high-voltage generators, 

x-ray tables, cradles, film changers; ‘vertical‘cassette hold’ers’mounted in a fixed ” 
, ,:*/ L”,_ ,. ._. I s,_;..(,~.- G1 si ? 

location and cassette holders with ‘front’panels, and beam-limiting devices 

manufactured after August 1, 1974. 

(B) Fluoroscopic imaging~ assemblies manufactured ‘after August 1, fl974, .( / , /.. .,_I,_ 

and before April 26, 1977. 

(C) Spot-film devices and‘ image intensifiers manufactured after April 26; 

1977. 

(D) Cephalometric devices manufactured.gfter’February 25,' 1978. ' ' 

(E) Image receptor support devices for mammographic x-ray systems 

manufactured after September 5, igig. 



(F) Image receptors which are electricaliy powered or connected with the 

x-ray system manufactured on or after [date 1 year after date of publication 

of the final rule in the Federal’ Register]. ’ 

(ii) Diagnostic x-ray systems, except computed tomography x-ray systems, 

incorporating one or more of such components; however, such x-ray systems 

shall be required to comply only with those provisions of this section and 

§§ 1020.31 and 1020.32, which relate to the components certified in 

accordance with paragraph (c) of this section and installed into the systems. 

(iii) Computed tomography (CT) x-ray systems manufactured before 

November 29,1984. 

(iv) CT gantries manufactured after September 3, 1985. 

(2) The following provisions of this section and § 1020.33 are applicable 
. ,” 

to CT x-ray systems manufactured or remanufactured?% or after ‘&k$&er 

29, 1984: 
I,\%/ ,, 

(i) Section 1020.30(a); ' 

(ii) Section 1020.30(b) “Technique factors”; 

(iii) Section 1020.30(b) “CT,” “Dose,” “Scan,” “Scan time,” and 

“Tomogram”; 

(iv) Section 1020.30(h)(3)(vi) through [h)‘@)(G); ‘.% .’ ” 

/ 
_.. i” ./ :, 

(v) Section 1020.30(n); 

(vi) Section 1020.33(a) and (b); ’ 

(vii) Section 1020.33(c)(l) as it affects § iO20.33'(&)(2); and .’ ‘. ” 

(viii) Section 1020.33(c)(2). 

(3) The provisions of this’section and § 1020.33 in its entirety, including ./_. 

those provisions in paragraph (a)(2) of this section, are applicable to CT x- 

ray systems manufactured or remanufactured on or after September 3, lb8i. 
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i I ̂ , ,lin ,#lxi,~.&~~~.pJc ,a#,,s r,,rrl.si- ma 14111.“.‘71..11 _‘~, I 

The date of manufacture of the CT system 1s the date of manufacture ofthe. ” 
._ : ! : 

CT gantry. 

(b) Definitions. As used in this section and §§1020.31, 1020.32, and 

1020.33, the following definitions apply: 

Accessible surface means the external surface of the enclosure or housing 

provided by the manufacturer. 

Accessory component means: 

(1) A component used with diagnostic x-ray systems, sue h as a cradle or 

film changer, that is not necessary for the compliance of the svstem with I 

applicable provisions of this subchapter but which reou 

u 

1. .ires an initial 
“. 

km; ‘or’ -._ ., 
determination of compatibility with the syst 

,. 
(2) A component necessary for compliance of the system with applicable 

provisions of this subchapter.but tihich may be interchanged with similar ” 

compatible components without affecting the system’s compliance, such as one 

of a set of interchangeable beam-limitir 1g devices; or 
,I ._ //. _- . . 

(3) A component compatible with all x-ray systems with wliichit’may be 

used and that does not require compatibility ‘or installation instructions, such 

as a tabletop cassette holder. 

Air kerma means kerma in air (see kerma). 

Aluminum equivalent means the thickness of aluminum ftvne I I nri 

affording the same attenuation, under specified conditions as 

question. 

-----------I- \‘JT’ *...vv alloy) l 

the material in ---: 

Articulated joint means a’ joint between”two separate sections of a tabletop I 

which joint provides the capacity ‘for one of the sections to pivot on thelline 

segment along which the sections join. ^ 

1The nominal chemical composition of type 1100 aluminum alloy is $9.'00 perc&t 
minitium’aluminum, 0.12 percent copper;‘asgiveli in “Aluminum Standards and Data” . . .._ _._ ..p”“-.-TI “. - _(,,“.” -, 1 .^ 
(1969). Copies may be obtained from The Aluminum Association, New York, NY. 
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Assembler means any personengaged in the business of assembling, 

replacing, or installing one or ‘more”components into a diagnostic x-ray system _ 
\.,,; -.. .‘ :. 

or subsystem. The term includes the o&ner of an x-ray system or his or her 

employee or agent who assembles components into an x-ray system that is 

subsequently used to provide professional or commercial services. 

Attenuation block means a block or stack of type 1100 aluminum alloy 

or aluminum alloy having equivalent attenuation with dimensions 20 

centimeters by 20 centimeters by 3.8 centimeters. 

Automatic exposure control (AEC) means a device which automatically 

controls one or more technique factors in order to obtain at a preselected 

location(s) a required quantity of radiatioh. 
, . .‘ 

Automatic exposure rate control (AERC) means a device which 1 

automatically controls one or more technique factors in order to obtain at a 

preselected location(s) a required quantity of radiation per unit time. ‘- - 
! 

Beam axis means a line from the source Ithrough the‘centers of the x-ray 

fields. 

Beam-limiting device means a device which provides a means to restrict ,) 1. 

the dimensions of the x-ray field. 
‘, 

Cantilevered tabletop means a tabletop designed’such~that the ’ 

unsupported portion can be extended at least 100 centimeters beyond the ,... 

support. 

Cassette holder means a device,‘other thana spot-film&vice, that ‘. ” .‘ ‘. - 

supports and/or fixes the position of an x-ray film cassette during an x-ray ’ 

exposure. ~ : .“:‘., ..~ -: * _ 

Cephalometric device means a device intended for the radiographic 

visualization and measurement of the dimensi,qn,s of the’human head. .‘“. - 
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Coefficient of variation means the ratio ‘of the stan’dard’deviation to the 

mean value of a population of observations. It is estimated using the following 

equation: 

[INSERT EQUATION] . 

where: 

s = Estimated standard deviation of the population. 

ii = Mean value of observations in sample. 

Xi = ith observation sampled. 

n = Number of observations sampled. 

Computed tomography (CT) means the production of a tomogram by the 

acquisition and computer processing of x-ray transmission data. 

Control panel means that part of the x-ray control upon which are 

mounted the switches, knobs, pushbuttons, and other hardware neces”sary for 

manually setting the technique factors. 

Cooling curve means the‘graphical relationship between heat units stored 

and cooling time. 

Cradle means: 

(1) A removable device which supports and may restrain a patient above 

an x-ray table; or 

(2) A device; 

(i) Whose patient support structure is interposed between the patient and 

the image receptor during normal use; 

(ii) Which is equipped with means for patient restraint; and 
> ” “/ .” ‘. 

(iii) Which is capable of rotation about its long (longitudinal) axis. 
3: : ., _ ,. “. 

CT gantry means tube housing assemblies, beam-limiting devices, 

detectors, and the supporting structures, frames, and covers which hold and/ 

or enclose these components. 
” ,_,_ ._ .., 



- 
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Diagnostic source assembly tie&is’ t&i &&k housing assembly with a beam- 

limiting device attached. 

Diagnostic x-ray system means an x-ray’system designed for irradiation 

of any part of the human body for the purpose of diagnosis or visualiz&on.. 

Uose means the absorbed dose as defined by the International Commission 
. I .  

on Radiation Units and Meaiurements. The‘absorbed dose’, D-i is‘the quotient. 
“~. 

of de by dm, where da is the mean energy imparted to matter of mass dmi 

thus D=dc/dm, in units of J/kg, where the special’ name for the unit of absorbed 

dose is gray (Gy). 

Equipment means x-ray equipment. 

I__. 

Exposure (x) means the quotient of dQ by dm where dQis the absolute 

value of the total charge of the ions of one sign produced in air when all the 

electrons -and positrons liberated or created by photons in air of mass dm are 

completely stopped in air; thus X=dQ/dm, in units of C/kg. 

Field emission equipment means equipment which uses an x-ray tube in 
5. _ 

which electron emission from the cathode is,due solely to action of an electric 

field. 

Fluoroscopic imaging assembly means a subsystem in which x-ray photons 

produce a set of fluoroscopic:images or radiographic images recorded from the . . >_. .,j 
fluoroscopic image receptor. It includes the im.age receptor(s), electrical 

interlocks, if any, and structural material p.roviding linkage between the image 

receptor and diagnostic source assembly. 

Fluoroscopy means a technique for generating x-ray images and presenting 

them instantaneously and continuously as visible images for’the’purpose of 
: 

providing the user with a visual display of dynamic processes. 



General purpose radiographic x-ray system means ‘any radiographic x-ray 

system which, by design, is not limited to radiographic examination of specific 

anatomical regions. 
4 

kfaq-varue Layer (n VLJ means the thickness ( 

attenuates the beam of radiation to an extent such that the AKR isreduce d , 

to one-half of its original value. In this definition the contribution of all 

scattered radiation, other than any which might be present initially in the beam 

concerned, is deemed to be excluded. 

Image intensifier means a device, installed in its’housing, which 

5 an x-rav pattern into a corresoondine lieht in instantaneously convert: 

higher energy density. 

L ” ” lage of 

Image receptor means any device, such as a fluorescent screen, 

radiographic film, x-ray image intensifier tube, solid-state detector, or gaseous 

detector, which transforms incident x-ray photons either into a visible image 

or into another form which can be made into a visible image by further 
), 

transformations. In those cases where means are provided to preselect a portion 

of the image receptor, the term “image receptor” shall mean the prt zselected 

portion of the device. (. ,. 1 ,. 

Image receptor support device means, for mammography x-ray systems, 

that part of the system designed to support the image receptor during a 

mammographic examination and to provide a primary protective barrier. 

Isocenter means the center of the smallest sphere through which the beam 

axis passes for a C-arm ,gantry moving through a full range of rotations about 

a common center. .: i 
, : ‘l._ 

Kerma means the quantity as aefined by’the International Commission on 

Radiation Units and Measurements. The kerma, K, is the quotient of dE, by 
,._ 



dm, where dE, is the sum of the-initial kinetic energies of all the’charged 
.< $8 ,*a ‘5.. :‘ c L 

particles liberated by uncharged particles in a mass dm of material; thus 

K=dEt,/dm, in units of J/kg, where the special name for the unit of kerma is 

gray (Gy). When the material is air, the quantity is referred to as “air kerma.” 

Last-image hold (L.TH) radiograph means an image obtained either’by’ 

retaining one or more fluoroscopic images, which may be temporally 

integrated, at the end of a fluoroscopic exposure or by initiating a separate 

and distinct radiographic exposure automatically and’immediately~in ” 

conjunction with termination of the fluoroscopic exposure. 
. 

< 

Lateral fluoroscope means the x-ray tube and image receptor combination 

in a biplane system dedicated to the lateral $rojection. It con&% of ‘thelateral 

x-ray tube housing assembly .and the lateral image receptor that are fixed ‘in 

position relative to the table with the x-ray beam axis parallel to the’pl&ie ’ 

of the table. 
..“: 

Leakage radiation means radiation emanating from the diagnostic source .^ ” 

assembly except for: 

(1) The useful beam; and 

(2) Radiation produced when the exposure switch or timer is not activated. \ , 

Leakage technique factors means the tec!hnique factors associated with‘the 

diagnostic source assembly which are used in measuring leakage radiation. ’ 

They are defined as follows: * 

(1) For diagnostic source! assemblies intended for capacitor energy storage 

equipment, the maximum-rated peak tube potential and the maximum-rated 

number of exposures in an hour for operation at the maximum-rated peak tube 

potential with the quantity of charge per exposure being i0 millicoulombs (or ‘” 

10 mAs) or the minimum obtainable fromthe unit, whichever is larger’;. ‘- 
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(2) For diagnostic source assemblies intended for field’emis& equipment 

rated for pulsed operation, the maximum-rated peak tube potential and the 

maximum-rated number of x-ray pulses in an hour for operation at the’ 

maximum-rated peak tube potential; and !. 

(3) For all other diagnostic source assemblies, the maximum-rated ‘peak 

tube potential and the maximum-rated continuous tube current for the 

maximum-rated peak tube potential. 

Light field means that area of the intersection of the light beam from the 

beam-limiting device and one of the set of pi&es par.allel ‘to-and’ in&ding ” 

the plane of the image receptor, whose perimeter is the locus of ‘points at which ... 

the illuminance is one-fourth of the maximum in the intersection. 

Line-voltage rkgulation means the difference between the- no-load and the 
> , 

load line potentials expressed as a percent of the load line potential; that is, 

Percent line-voltage regulation = lOO(V, - Vi) 7Vi” - I 

where: 

V, = No-load line potential and 

Vi = Load line potential. 

Maximum line current means the root rnean,square current in the supply 

line of an x-ray machine operating at its maximum rating. 

Mode of operation means, for fluorosconic svstems. a distinct method of 

fluoroscopy or radiography selected tiftha set of technique factors’ or other 

control settings uniquely associated with the mode. Examples of distinct 
.,~ “Y / T-2,. .i % . . ,__ _ modes of operation include tiGrmal fltioroscdpy (analog or..=~~~~re~~~.~~~~~l~~~~ -,.‘. *-, ,), I “k .., . . 

subtraction angiography, electronic radiography using the fluoroscopic image 
,.i ,, i,. . .._...... ‘,“I .I..,.: 

receptor, and photospot recording. In a specific mode of operation, certain 
i 



svstem variables I ~- ---I :- -----o- -1---“J ’ “-“~~ is image 
- - magnification, x-rav field size, pulse rate. m&e durat 

per exposure series. SID. or on&al anertu 
4. L 

A ’ I 
~_ _--ion, number of pulses 

s 
.I- ------ -r ----re, ma y be .adjustable or may vary; 

1 different from - their variation per se. does not comprise a mode of operatior 

the one that has been selected. 

Movable tabletop means a tabletop which, when assembled-~~r‘us;!,-is ‘. ” 

capable of movement with respect to its supporting structure within th-e plane 
n -1 3 . 

of the tahletnn. I, 

j_ ,, _,._ I I. x. .“~ ,, ./“*swl. ,.-. -0 
Nonimage-in tensified jlti&%coj~ means fluoroscopy using only a” 

flu.orescent screen. 
I 

Peak tube potential means the maximum value of the potential difference 

across the x-ray tube during an exposure. 1 -. ‘1 

Primary protective barrier means the material, excluding filters, placed in 

the useful beam to reduce the radiation exposure for protection purposes. 

Pulsed mode means operation of the x-ray system such that the x-ray tube 

current is pulsed by the x-ray control to produce one or more exposure’ 

intervals of duration less than one-half second. 

Quick change x-ray tube means an x-ray tube designed for use in its 

associated tube housing such that: 

(1) The tube cannot be inserted in its housing in a manner that would 

result in noncompliance of the system with the requirements of paragraphs 

(k) and (m) of this section; 1 

(2) The focal spot position will not cause noncompliance with ~the ’ 

provisions of this section or $l’62‘0.31’or § 
,“, i. .I 102c);3i’; ,( .’ 1 ,. 

“, ! < ,.,I i, . . ,..) _I I,. : . . 
(3) The shielding “within;;he tube” housing cannot be displaced; and -’ ” * 

(4) Any removal and subsequent replacement of a beam-limiting device 

during reloading of the tube in the tube ho 



noncompliance of the x-ray system wirA ~~~ appiic~~le jF~e~~ B;ni’tatior;‘and 
~ 

alignment requirements of §$1020.31 and 1020.32. 

Radiation therapy simulation system means a radiographic or fluoroscopic 

x-ray system intended for localizing the volume to be exposed during radiation 

therapy and confirming the position and size of the therapeutic irradiation 

field. 

Radiography means a technique for generating and recording an x-ray 
I‘ 

pattern for the purpose of providing’the user with.~an &age(s) after termination 

of the exposure. _. .j ,i. 
Q 

Rated line voltage means the range of potentials, in’volts, of the supply 

line specified by the manufacturer at which the x-ray machine is designed to 

operate. 

Rated output current means the maximum allowable load current of the 
I, 

x-ray high-voltage generator. _ 

Rated output voltage means the allowable peak potential, in volts, at the 

output terminals of the x-ray high-voltage generator. 

Rating means the operating limits specified by the manufadturer: a 

Recording means producing a retrievable form of an image resulting from 

x-ray photons. 

Scan means the complete process of collecting x-ray transmission data for 

the production of a tomogram. Data may be c,ollected simultaneously during 

a single scan for the production of one or more tomograms. ~. i 

Scan time means the period of time between ‘the ‘beginning and end of’ * ~ ’ 

x-ray transmission data accumulation for a single scan. 

Solid state x-ray imaging device means an assembly, typically in a 

rectangular panel configuration, consisting of: 
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(1) A transducer layer that inter&$&s x-ray fihotons and through a single . .‘ ‘. 

or multistage process converts the photon energy into ‘a modulated signal 

representative of the x-ray image, and 

(2) A matrix of integration and switching elements that are coupled to the 

transducer layer. An electrical signal representing the x-ray image is generated 

by a charge generation and transfer process within the integration and 1. (. 

switching matrix. The electrical signals may undergo analog-to-digital ’ 

conversion before leaving the panel to provide either a’“digita1 radiographic 
: _I 

or fluoroscopic image. 

Source means the focal spot of the x-ray tube. 
* .i 

Source-image receptor distance (SD] means. the distance from the source 
* _ 3 . ..v . 

to the center of the input surface of the image receptor. 

Source-skin distance (SSD) means the distance ‘from the source to the 
i-c 

center of the entrant x-ray field in the plane tangent to’the~‘patient’skin surf&e.” 

Spot-film device means a device intended to transport an&or position a 

radiographic image receptor between the x-ray source and fluoroscopic image 
. 

receptor. It includes a device intended to hold a cassette over the input end 

of the fluoroscopic image receptor for the purpose of producing a radiograph. 

Stationary tabletop means a tabletop which, when assembled for ‘use, is 

incapable of movement with respect to its supporting structure within the 

plane of the tabletop. 
._ ._ 

Technique factors means the following conditions of operation: 

(1) For capacitor energy storage equipment, peak tube potential in kilovolts 

(kV) and quantity of charge in milliamperes-seconds (mAs); 

(2) For field’emissiori equi@nent rated for pulsed’ operation, ‘peak tube 

potential in kV and number of x-ray pulses; *’ ‘. ’ 
.\ 
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(3) For CT equipment designed for p&&d-operation, peak tube Dotential 
,i 

: - l-TT ----- L’--- - 1-- - 1 1 .*I .1 
111 KV ) scan 

pulse x-ray 

prod1 

A 1. 

1.11118 ln seconas, apa eltner tuDe,current in milliamperes (AA), 

width in seconds’, and the numb’& of x-ray @&es per scan, or the 

:he tube current, x-ray p&se width, and the number of x-ray pulses 

in mAs; 

(4) For CT equipment nqt designed for Pulsed operation, peak tube 

potential in kV, and either ttibe current in mA and scan time in seconds, or 

the product of tube current and exposure time in mF! IS and the scan time when - 

the scan time and exposure time are equivalent; and 

(5) For all other equipment, peak tube potential in kV, and either ttibe 

current in mA and exposure time in seconds, or the product of tube current : 

and exposure time in mAs. 

Tomogram means the depiction of the x-ray attenuation properties of a 

section through a bodv. 

Tube means an x-ray tube, unless other&e 

-1 . -- '._ _,,. , ,_ ,. i 
‘I’ube housing assembly means the tube housing with tube installed. It 

includes high-voltage and/or’filament transformers and o&&r &pprop&G ’ -_ 

elements when they are contained within the tube housing. 

Tube rating chart means the set of curves which specify the rated limits 

of operation of the tube in tel*ms. of the technique factors. 

Useful beam means the radiation which’passes through the tube housing 
, 1 

port and the aperture of the beam-limiting device when the exposure switch 

or timer is activated. 

Variable-aperture beam-iimitl’iig.‘device &&a$; :; .j-;a&>iimiiing &;+d;; : : ,, ‘. x . 

which has the capacity for stepless adjustment’of the x-ray fiel’d’ size at”a gitieti 8, I 

SID. 



Visible area means the portion of the’inlkt surface’of the image receptor *’ * 

over which incident x-ray photons are producing a visible image. 

X-ray control means a device which controls-input power to the x-ray 

high-voltage generator and/or the x-ray tube. It includes, equipment such as 

timers, phototimers, automatic brightness stabilizers, and similar devices, 

which control the technique~‘fac& of an x-ray exposure. 

X-ray equipment means ‘an x-ray system, subsystem, or component thereof. 
i _. 

Types of x-ray equipment are as follows: 

(1) Mobile x-ray equipment means x-ray equipment mounted on a 

permanent base with wheels and/or casters for moviri~while’cbmpietely 

assembled; 

(2) Portable x-ray equipment means x-ray equipment designed to b”e hand- 
-*, 

carried; and 

(3) Stationary x-ray equijkn&f means x-ray equiInnent which is installed 

in a fixed location. 
I. _ 

X-ray field means that area of the intersection of the useful beam and any 

one of the set of planes parallel to and including the plane of ’ the image 

receptor, whose perimeter is the locus of points at which the AI!@ is one-fourth 

of the maximum in the intersection. w 

X-ray high-voltage generator means a device which transforms electrical 
j “I .., 

energy from the potential supplied by the x-ray control to the tube ‘operating 

potential. The device may also include means for transforming aiternating 

current to direct current, filament transformers for the x-ray tube(s), high- 

voltage switches, electrical protective devices, and other appropriate elements. 

X-ray system means an assemblage of components for the controlled _( ^_ 

production of x-rays. It includes minimally an x-ray high-voltage generator, 

an x-ray control, a tube housing assembly, a beam-limiting device, and the 
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necessary supporting structures. Additional:com$onents which function with 

the system are considered integral parts of the system. 

X-ray subsystem means any combination of two or more components of 
/. ,. 

an x-ray system for which there are requirements specified in this section and 

§§ 1020.31 and 1020.32. 

X-ray table means a patient support device with its patient support 

structure (tabletop) interpose’d between the patient and the image receptor 

during radiography and/or fluoroscopy. This includes, but is r ‘ ,. tot limited to, 
~^ 

any stretcher equipped with a radiolucent panel and any table equipped with 
,. ., . . 

a cassette tray (or bucky), cassette tunnel, fluorosc,o$ic image receptor, or spot- .; ), j 

film device beneath the tabletop. 
” 

X-ray tube means any electron tube which is designed for the conversion 

of electrical energy into x-ray energy, 

(c) Manufacturers’ respoixibility. Manufacturers of 1 

-- 
, 

lroducts subject to . 1,,^ ‘. ., i ” .,,-. 
$5 1020.30 through 1020.33 shall certih that each of their products meet all 

applicable requirements when installed into a diagnostic x-ray system e 

according to instructions. This certification s’hall be made under the format 
_, I 8, 

specified in § 1010.2 of this chapter. Manufacturers may certify a combination 

of two or more components if they obtain prior authorization in writing from 
“~ 

the Director of the Office of Compliance of the Center for Devices and 

Radiological Health. Manufacturers shall not be held responsible for 

noncompliance of their products if that noncompliance is due solely to the 

improper installation or assembly of that product by another ‘person;‘however; 

manufacturers are responsible for providing assembly instructions adequate to *< * > I^ j. _ ‘_ ,. ., _/ .- * 7 ;. 

5s 1020.30 through 1020.33. 
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(d) Assemblers’ responsibility. An ~assembler t\;h‘o ‘instalis one or more 

components certified as required by paragraph (c) of”@& section’ shaii &tail ‘. . ” 

certified components that are of the type required by 5'1OiO.31, § 1020.32, or 

§ 1020.33 and shall assemble, install, adjust, and test the certified’ components 

according to the instructions’ of their respective manufacturers. Assemblers 
$l, , . 

shall not be liable for noncompliance of a certified component if the assembly . 

of that component was according to the component manufacturer’s instruction. 

(1) Reports of assembly. lrill assemblers who install.certified”cbmpbnents ~ 

shall file a report of assembly, except ai specified in paragraph (d)(2) oft his 

section. The report will be construed as the assen-rbler’s certificatio n and 

identification under §§ lOlO.. and 1010.3 of this chapter. The assembler shall 

affirm in the report that the manufacturer’s instructions were followed in the 

assemblv or that the certified‘ &%<‘6- 
J 

all applicable requirements of §‘$ iO20.%1 through 1020.33. AI1 assembler 
- _ __ ..- ; :̂  

reports must be on a form nrescribed bv the-Dir&or. C 
I a 

-Lr fbr x.&&;. -.& _ : )’ ; 

> , . . ..$~” Ii.’ ̂ ~. i _...._ 8. 
Radiological Health. Compieted reports must be submitte,dto the Director, the ’ ..’ 

.,, 

purchaser, and, where applicable, to the State agency responsible for radiation 

protection within 15 days following completion of the assembly. 

(2) Exceptions to reporting requirements. Reports of assembly need not be 

submitted for any of the follovving: _” .,. 

(i) Reloaded or replacement tube housing assemblies that are reinstailed 

in or newly assembled into an existing x-ray system; - 

(ii) Certified accessory components that have been identified as such to 

the Center for Devices and Radiological Health in the report required under ~ 

§ 1002.10 of this chapter; 

, 



(iii) Repaired components, whether or not 

r6’ 
. 

removed from the system and 
!i ;.m\,l”“l ^1x,a< ,.. ._<. ..,L”/ ,, ,__ _.. %. _r. .~ (; ,.I .__, ,_ b --. - _ --( 

~;n into :installed during the course of repair, provided the original installatic 

the system was reported; or 
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(iv) Components installed temporarily in an x-ray system in place of 

components removed temporarily for repair, provided the temporarily ‘installed 

component is identified by a tag or label bearing the following information: 

Temporarily Installed Component 
.., L 

This certified component has been assembled, inst$led;~Gj&ed; and t&ted by 
/ ,-’ 

me according to the instructions provided by the manufacturer. 

Signature 

Company Name 

Street Address, P.O. Box ” 

City, State, Zip Code 

Date of Installation 

The replacement of the temporarily installed coniponent by a component other 

than the component originally removed for repair shall be reported as specified jl... 

in paragraph (d)(l) of this section. 

(e) Identification of x-ray components. In addition to the identification 
? . ..” 

requirements specified in § 1010.3 of this chapter, manufacturers of 

components subject to this section and §§ 1020.31, 1020.32, and 1020.33, 

except high-voltage generators contained within tube housings and beam- 

limiting devices that are integral parts of tube housings; shall permanently 

inscribe or affix thereon the model number and serial number of the product 
‘,___ . 

. - . .- _ _ -_ 

so that they are legible and accessible to view. The wor( 3 “model” or “type” 
I : 

shall appear as part of the manufacturer’s required identification of certified 

x-ray components. Where the certification of a system or subsystem, consisting 



109 , _..., , * : 
of two or more components, has been authorized under paragraph (c) 6f this 

i ,, : . .- 
section, a single inscription, tag, or label bearing the mddel number an.d serial > ..;_ : 1’. 

number may be used to identify the product. 

_. ~~ - - 
(1) Tube housing assemblies. In a similar man .tier, matiufactur&s 6f tub6 

7 v m_ _ -- - ’ -2 in ‘., ,. ,, I. 
housing assemblies shall also inscribe or affix thereon %e name of the ,’ 

manufacturer, model number, and s.erial number of the x-ray tube which the 

tube housing assembly incorporates. 

(2) Replacement of tubes. Except as specified in paragraph (e)(3) of this 

section, the replacement of an x-ray tube in a previously manufactured tube 

housing assembly certified under paragraph (c) of this section constitutes 

manufacture of a new tube h&sing assembly, and the manufacturer is ‘subject 

to the provisions of paragraph (e)(l) of this section. .The tianufacturer shall 

remove, cover, or deface any previously affiped inscriptions, tags, or lab&, 

that are no longer applicable. 

(3) Quick-change x-ray tubes. The requirements of paragraph (e)(2) of this 

section shall not apply to tube housing assemblies designed an’d designated 
_> , 

bv their oripinal manufact~wer tn cnntain nnick nhsmua X-rav tlll-& Thd 
J ---o------ 

---__--_-_------ II -----I--- I-‘-” “‘““b’ a. A.. 
J ~---“* ALAw 

Ide..Ggfii eabh r,biademe.;t.. . 

manufacturer of quick-change x-ray tubes shall in& 
.L 

b’s n&e, the model, and-&ial’ &C.-Lb& tube a label with the tube manufacturer 

of the x-ray tube. The manufacturer of the tube shall in&Gct t& &en&l&! 

who 
-- - 

installs the new tube to attach the label, tl 

and to remove, cover, or deface the previously affixed itiscriptions, tags, or 

labels that are described bv the tube manu”fact .urer as no’longer a$plidable. -. -J _--- ----- ---------I- 

(f) [Reserved] 
’ 

/ ., I. ,, ) 2 : * .~ I,_~. il- ,. , ;. s,l 

(g) Information to be provided to assemble&. Manufacturers of components 

listed in paragraph (a)(l) of this section shall provide to assemblers s&j&t 



to paragraph (d) of this section and, upon request, to others at a cost not to 
_! ‘ 

exceed the cost of publication and distribution, instructions for assembly, 

installation, adjustment, and testing of such components adequate to assure 

that the products will comply with appiicab’le provisions of this section and 

~§1020.31, 1020.32, and 1020.33, when assembled, installed; adjusted; and _ 

tested as directed. Such instructions shall include s@ecifications of other 

components compatible with that to be installed when compliance of the 

system or subsystem depends on their com@tibiiity. >Such specifications~ may 

describe pertinent physical characteristics of the comhonents and/or may list 

by manufacturer model number the components which are compatible. For x- 

ray controls and generators manufactured after May 3, 1994, manufacturers 

shall provide: 

/ ,“_ “_ ,~_., ,.“,#, .( .., r,,. I.^ ̂ “ii”‘*“ .I.L,mrrl~.,‘I<~Y., ,*jls\. .,.,, <“l +--I 
(1) A statement of the~rated’line voltage and’the’range of lure-voltage 

., 2 ” 

regulation for operation at maximum line current; 

(2) A statement of the maximum line current of the x-ray system based 

on the maximum input voltage and current characteristics of the tube housing 
.I 

assembly compatible with rated output voltage and rated output current 

characteristics of the x-ray control and associated high-voltage generator. If the 

rated input voltage and current characteristics of the tube housing assembly 

are not known by the manufacturer of the x-ray control and associated high- 

voltage generator, the manufacturer shall provide information necessary to 

allow the assembler to determine the maximum line current for the @rticul’ar “ 

tube housing assembly(ies); 
,‘ 

(3) A statement of the technique factors that constitute the maximum line 

curreht condition described in paragraph (g)(2) ‘of this section. 
: 

i 



i 

.’ b., . , _I ;r 
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(h) Information to be provided to users. .Mamifacturers of x-ray equihment 

shall provide to purchasers and, upon request, to others at a cost not to exceed 

the cost of publication and distribution, manuals or instruction sheets which 

shall include the following technical and ‘safety information: 
: 

(1) AlI x-ray equipment.‘For x-ray equipment to which this section and 

§§ 1020.31, 1020.32, and 10i0.33 are applicable, there’shall beprovided: 

(i) Adequate instructions concerning any radiological safety procedures 

and precautions which may be necessary because of unique features of the 

equipment; and 

(ii) A schedule of the maintenance necessary to keep the equipment in 
i 

., I 3 - 

compliance with this section and §§ iij20.3$, 1'020.32, and 1020.33. . 2 -, . 

(2) Tube housing assem$lies. For each tube housing assembly, there‘shall 

be provided: 

(i) Statements of the leakage technique factors for all combinations-of tube 

housing assemblies and beam-limiting devices for which the tube housing 

assembly manufacturer states compatibility, the minimum filtration 

permanently in the useful beam expressed as millimeters of aluminum’ 

equivalent, and the peak tube potential at which the aluminum equivalent was 

obtained; 

(ii) Cooling curves for the anode and tube housing; and * ., “. .” 

(iii) Tube rating charts. If the tube is designed to operate from different 

types of x-ray high-voltage generators (such as single-phase self rectified, 

single-phase half-wave rectified, single-phase full-wave rectified, 3-phase 6- 

pulse, s-phase l&pulse, constant potential, capacitor energy storage) or under 

such as alternate focal spot sizes or speeds of anode modes of operation 
I A 

, 



, 
,’ : 

..icIIy”..‘I . ..(_ “. ,,_. _. ^, _“(,.,~ ,.I 
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rotation which affect its rating, specific identification of the difference’in 
: .&‘y.‘ x,. x. . : _I./i*,, .” .:. f‘, li.. , .* . .._. ;. /jll ,,.‘I “” 

ratings shall be noted. 
t* 

(3) X-ray controls and generators. For the x-ray control and associated x- 

ray high-voltage generator, there shall be provided: 

(i) A statement of the rated line voltage and’the range of line-voltage 

regulation for operation at maximum line current; 

(ii) A statement of the maximum line current of the x-ray system based 

on the maximum input voltage and output current characteristics of the tube 

housing assembly compatible with rated output voltage and rated current ‘. 

characteristics of the x-ray control and associated high-voltage generator. If the 

rated input voltage and current characteristics of the tube housing assembly 
: 

are not known by the manufacturer of the x-ray control and associated high- 

voltage generator, the manufacturer shall provid’e necessary.information to . 

allow the purchaser to determine the maximum line current for his particular 

tube housing assembly(ies); 

(iii) A statement of the technique factors that constitute the maximum line 
j 1 

current condition described i,n paragraph (h)(s)(ii) of this section; 

(iv) In the case of battery-powered generators, a specification of the . > 

minimum state of charge necessary for proper operation; 

(v) Generator rating and duty cycle; /, “. ,^“i _,/i ,. ,. 

(vi) A statement of the m,aximum deviation from the Ikeindication given ’ ‘. ;. ^ . . . 

by labeled technique factor control settings or indicators during any 

radiographic or CT exposure where the equipment is connected to a power _. .). 

supply as described in accordance with this paragraph. In the case‘ of’fixed 

technique factors,.the maximum deviation from the nominal fixed value of 
each factor shall be stated; ..^. : -. ‘ ‘. : “. .,j 



_. ., .j... ,.. ” . . ..., . ..r‘ .-. ,.. . ,‘,.. _. .,, 

._ .,. I_ i, \ ,, I)j_. > 
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(vii) A statement of the maximum deviation from the continuous 

indication of x-ray tube potential and current during any fluoroscopic exposure 

when the equipment is connected to a power supply as described in 

accordance with this paragraph; and 
. . : 

(viii) A statement’describing the measurement criteria for ali technique 

factors used in paragraphs (h)(S)(iii), (h)(S)(vi), and (h)(S)(vii) of this’section;’ 

for example, the beginning and endpoints of exposure time measured with 

respect to a certain percentage of the voltage waveform. -‘ 

(4) Beam-limiting device. For each variable-aperture be am-limiting device, 

there shall be provided; 

(i) Leakage technique factors for all combinations of tube housing 

assemblies and beam-limiting devices for which the beam-iinnting device 

manufacturer states compatibility; and 
. . _. : >: *;<’ “,“:‘- ,_ -: j ,, .“_ .-p.. : 5 1, _ 

(ii) A statement including the minimum aluminum equivalent of that part 

of the device through which the useful beam passes and ,including the .x-ray 

tube potential at which the ajuminum equivalent was-obtained. When two or. 

more filters are provided as part of the device, the statement shall include the 

aluminum equivalent of each filter. 

(5) Imaging system information. For x-ray systems manufactured on or 

after [date 1 year after date of publication of the:final rule in the Federal i , 

Register], that produce images ‘using the fluoroscopic image receptor, the 

n_I. . _” . -1 T .T ** .a . r( T 
rollowing intormation shall be provided in a separate, single section ot the rollowing intormation shall be provided in a separate, single section ot the 

user’s instruction manual,or in a separate manual devoted to this information: user’s instruction manual,or in a separate manual devoted to this information: 

(i) For each mode of operation’i.a descrihtion of the’mode and d&&d (i) For each mode of operation’i.a descrihtion of the’mode and d&&d " " 
.’ i j’ -. ’ .’ i j’ -. ’ 

instructions on how the mode is engaged and disengaged. This information instructions on how the mode is engaged and disengaged. This information -, . -, . # # 



shall include how the operator can recognize- which mode of operation has 

been selected prior to initiation of x-ray production. 

(ii) For each mode of operation, a description of any specific clinical 

procedure(s) and clinical imaging task(s) for which the mode is recommended 

or designed and how each mode should be used. 
” ,) 

(6) Displays of values of AKR and cumulative air kerma. For fluoroscopic 

x-ray systems manufactured on or after [date 1 year after date of publication 

of the-final rule in the Federal Register], the following shall be provided: 

(i) A statement of the maximum deviations of the AKR and cumulative 

air kerma from their respective displayed values; 

(ii) Instructions, including schedules, for calibrating and maintaining any (ii) Instructions, including schedules, for calibrating and maintaining any 

instrumentation associated with measurement or evaluation of the AKR and instrumentation associated with measurement or evaluation of the AKR and 

cumulative air kerma; cumulative air kerma; 

(iii) Identification of the spatial coordinates of the irradiation location to (iii) Identification of the spatial coordinates of the irradiation location to 

which displayed values of AKR and cumulative air kerma refer according to which displayed values of AKR and cumulative air kerma refer according to 

§ 102&32(k)(5); 

(iv) A rationale for snecification of a re: \ I I ference irradiation location, 

ray source along alternative to 15 centimeters from the isocenter toward the X-I 

the beam axis when such alteqative specification is made according to 

§ 1020.32(k)(5)(ii). 

(i) [Reserved] 

(j) Warning label. The control panel containing the main power switch 

shall bear the warning statement, legible and accessible to view: 1 

“Warning: This x-ray unit may be dangerous to patient atid operator tinress safe . . 

exposure factors, operating instructions and maintenance schedules are obskved.” 
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(k) Leakage radiation from the diagno&c s6zSe assembly. The leakage 

radiation from the diagnostic source assembly measured at a distance of 1 

meter in any direction from the source shall not exceed 0.88 milligray (mGy) 

air kerma (vice 100 milliroentgen (mR) exposure) in 1 hour when the x-ray 

tube is operated at the leakage technique factors. If the maximum rated peak 

tube potential of the tube housing assemblyis greater than the’maximum rated 

peak tube potential for the diagnostic source assembly, positive means’shall 

be provided to limit the maximum x-ray tube potential to that of the diagnostic 

source assembly. Compliance shall be determined by measurements averaged 
: 

over an area of 100 square centimeters with no linear dimensi on greater than 

20 centimeters. 

(1) Radiation from components other than the diagnosfic source assembly. 

The radiation emitted by a component other than the diagnostic source 

assembly shall not exceed an air kerma of 1.8 pGy (vice 2 mR exposure) in 
, 

1 hour at 5 centimeters from any accessible surface of the component when 

it is onerated in an assembled x-rav svstem under anv conditions fc 
I 

_ . _ - 

J J 

- ---. _, 
J 

-)r which 
- - 

it was designed. Compliance shall be determined by measurements averaged 

over i in area ot 100 square centimeters with no linear d: 
I 

20 centimeters. 

. . -_ 
- imension greater than 

(m) Beam aualitv-(1) Half-value layer. The half-value 1~ 
. _ 1 d , 4 

ryer(HVL) of the 

useful beam for a given x-ray tube potential shall not be less th,an the 

appropriate value shown in table 1 of this section under “Specified Dental 

Systems,” for any dental x-ray system desigtied’ for use with intraoral image 

receptors and manufactured after December 1, 1980; under “I-Other &-Kay 

any dental x-ray system designed for use with intraoral image 

manufactured before December ,lT 1980, and all other x-r.ay _ ,I I .,=-a..-““. ,.. .<i.>~i..~- _) .- ..a/ ..,_ , 

Systems,” for 

receptors and 



1 year after date systems subject to this section and manufactured before’[date 6.. 

of publication of the final rule in the Federal Register]; and und’er “II---&her 

X-Ray Systems,” for all x-ray systems, except ‘dental x-ray systems designed 

for use with intraoral image receptors, subject to this section and manufactured 

on or after [date 1 year after date of.publication of the final rule in the Federal 

Register]. If it is necessary to determine such I-IVL at an x-ray tube potential 

which is not listed in table 1 of this section, linear interpolation or 

extrapolation may be made. Positive means2 shall be provided to insure that 

at least the minimum filtration needed to achieve the abovebeam quality 

requirements is in the useful beam during each exposure. 7. i&L 1 L i\F:& : Q. e 

TABLE 1. 

X-Ray Tube Voltage 
(krlovol! peak) 

-/ : ,./ _ j ., (2 ̂ ,a^. ._Zl 9: IC _, >- .,), i .> ,-, _ 
Minimum HVL 

(millimeters of aluminum) 

Designed Operating Range 

Below 51 

_, i 
Measured Operating Potential Specified Dental Systems’ I-Other X-Ray Systems* Ii-Other X-Ray Systems3 

30 1.5 0.3 0.3 

40 1.5 0.4 0.4 
I 

50 1.5 0.5 0.5 

51 to 70 51 1.5 1.2 1.3 

60 1.5 1.3 1.5 

70 1.5 1.5 1.8 

Above 70 71 2.1 2.1 2.4 

80 2.3 2.3 2.8 

90 2.5 2.5 3.2 

100 2.7 2.7 3.6 

110 3.0 3.0 4.1 

120 3.2 3.2 4.5 

130 3.5 3.5 5.0 

140 3.8 3.8 5.4 

150 I 4.1 4.1 5.9 

‘Dental x-ray systems designed for use with intraoral image receptors and manufactu‘red after December 1, 1980. 
ZDental x-ray systems desi 

section and manufactured be ore or on [date 1 year after date of publication of the final rule in the Federal Rebister]. Q 
ned for use with intraoral image receptors ?md manufa?%red before or’dn”Decembkr 1, 1980, and all other x-ray systems subject to this 

- _ ‘“. ” ._. ” . 
3All x-ray systems, except dental x-ray systems designed for use with intraoral image’receptors, subject to this section and manufactured after [date 1 year after 

date of publication of the final rule in the Federal Register]. 

*In the case of a system which ii to be operated with more than one’tl’&l&es’s of ’ 
filtration, this requirement can be m&t by a filter interlocked 66th the k~lovoitage sdedtor 
which will prevent x-ray emissions tf the minimum required” filiration is not in place. 



(2) Opfionalfilfrafiqn. FluorosCopic systems incorporating an x-ray tube(s) 

- - - 
- - 

with a continuous outp. _ ut of 1 kilowatt or more and an anode heat storage 

capacity of 1 million heat units or more shall provide the option of selecting 

and adding x-ray filtration to the diagnostic source assembly over and above 

the amount needed to meet the half-value layer provisions of § 1020.30(m)(l). 

The selection of this additional x-ray filtration shall be at the option of the 

user. 

(3) Measuring compliance, For capacitor energy storage equipment, 

compliance shall be determine.d with the, ma,ximum~sele.ctable. quantity of 

charge per exposure. 

(n) Aluminum equivalent of material between patient and image receptor. 

Except when used in a CT x-ray system, the aluminum equivalent of each of 

the items listed in table 2 of this section, which are used between the patient 

and image receptor, may not exceed the indicated limits. Compliance shall be 

determined by x-ray measurements made at a potential of 100 kilovolts peak 

and with an x-ray beam that has a HVL specified in table 1 of this section 

for the potential. This requirement applies to front panel(s) of cassette holders 

and film changers provided by the manufacturer for patient support or for 

prevention of foreign object intrusions. It does not apply to screens and their 

associated mechanical support panels or grids. -.plit *q qi; ii !J,/%.?& ; 

TABLE 2. 

Item ” 
..‘,_^‘_ ,. . . <, 

Aluminum Equivalent (millimeters) 
7” ,__,. ,~ .,, 

Front panel(s) of cassette holders (total of all) 1.0 
Front panel(s) of film changer (total of all) 1.0 
Cradle 2.0 
Tabletop. stationary, without articulated joints 1.0 
Tabletop, movable, without articulated joint(s) (including stationary subtop) 1.5 
Tabletop, with radioluceht panel having one articulated joint 1.5 
Tabletop, with radiolucent panel having two or more articulated joints 2.0 
Tabietop, cantilevered 2.0 
Tabletop, radiation therapy simulator 5.0 

, ,. “. ., , ,, ., ,___ i,.~.” r__ “2.“-- ‘ ,.,.. / “) ,> <,F , ., ._ ._ 



. ..,..,. _ .“, /. )L 
shall be provided on the control &me1 to indikate’whether the battery is in ” . 

..’ 
a state of charge adequate for proper operation. 

(p) [Reserved] 

,(q) Modification of certified diagnostic X-ray components and systems- 

(1) Diagnostic x-ray components and systems certified in adcordance with 

§ 1010.2 of this chapter shal1 not be modified such that the component or 

system fails to comply with any applicable provision of this chapter unless 

a variance in accordance with § 101X4 of this chapter or an exemption under 

section 534(a)(5) or 538(b) of the Federal Rood, Drug, and Cosmetid Act has ., 

been granted. 

(2) The owner of a diagnostic x-ray system who uses the system in a ,, “, I ,. ,,, i ,.I ,,a . 

professional or commercial dapacity may modifjrthe system, provided’the ‘x . 

modification does not result in the failure. of-the system or component to _’ 
._ - -~ -- ,_I _,,_ _ ,.-., ..” ,,-..,‘. ,I( ,. 

comply with the applicable requirements of this section or of § 1020.31, 
.i -_ 

such modification need not 
i 

1002 of this chapter, provided 

; of the~modificat~“~n;‘and provided” 

ure to comply 

§ 1020.32, or § 1020.33. The owner who causes 1 

submit the reports required by subpart B of part 

the owner records the date and t,he details 

the modification of the x-ray system does not result in a fail, 

with § 1020.31, § 1020.32, or § 1020.33. 

3. Revise § 1020.31 td read as follows: 

5 1020.31 Radiographic eqbipment. 

The provisions of this section apply to equipment for the recording of 

images, except equipment for fluoroscopic imaging and for radiographic 

imaging when images are recorded from the fluoroscopic image receptor or I 

commuted tomoaranhv x-rav svstems manufactured on or af 
L ” I J J .I -ter November 28, 

1984. 
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la) ~~~~~~~ and indication of te~hni4ue’~~~~~~~~(~) ~~~ual~~~~~hiion. ;rhe ” 
: 

technique factors to be used -during an exposure-shall be indicated before the 

exposure begins, except when automatic exposure controls are used, in which 

case the technique factors which are set prior to the exposure shall be 

indicated. On equipment having fixed technique factors, this requirement may 

_“. ..I ..; .;, 
,be met by permanent markings. Indication of technique’ factors shall be visible 

from the operator’s position except in the case of spot films made by the 

fluoroscopist. 

. . ,, L,,. _ 
(2) Timers. Means shall be provided to terminate the exposure at a preset 

time interval, a preset product of current and time, a preset number of pulses, 

or a preset radiation exposure to the image receptor. 

(i) Except during serial radiography, the operator shall’be’abf’- 
I a. ‘__I, 

to terminate 

the exnosure at anv time durine anexnosnre nf armtw than r-ma-ha’ L J .~~~~o _--- ---r -I --- -- b -uucvI L**uIA V.&l” ILLA If second. 
._ c 

Except during panoramic dental radiography, terminatic ln of exposure’shall . .‘I .“, .” 

caus,e automatic resetting of the timer to its initial setting or to zero. It shali ” 

not be possible to make an exposure when the timer is set to a zero or off 

position if either position is provided. .’ 

(ii) During serial radiography, the operator shall be able to terminate the 

x-ray exposure(s) at any time, but means may be provided to permit completion 

of any single exposure of the series in process. 

(3) Automatic exposure controls. When an automatic exposure control is 

provided: 
,. ,,. ‘. ,,.LI I, .^ a(_ ,,.” s ) 

(i) Indication shall be made-on” the control ptiki’tihen this mode of 
“. (8 

operation is selected; 
L ’ : 

(ii) When the x-ray tube IGtential” is“equa1 to -or &eater than 51 kilovolts 

peak (kVp), the minimum exposure ?time for field emission eauiumt .~ -.-,---ant rated 
. 

: 



,” ,j .I 
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for pulsed operation shall be equal to or less than ti time interval equivalent 

to two pulses and the minimum exposure tiine for all other equipment‘shall 
, _ 

be equal to or less than l/60 second or a time interval required to deliver 5 

milliampere-seconds (mAs);+“whichever is greater; 
;. 

(iii) Either the product of peak x-ray tube potential, current, and exposure 
. 

time shall be limited to not more than 60 kilowatt-seconds (kWs) per exposure 

or the product of x-ray tube current and exposure time shall be limited to not 

more than 600 mAs per exposure; except when the x-ray tube potential cs less 

than 51 kVp, in which case the product of x-ray tube current and exposure 

time shall be limited to not more than 2,000 mAs’per exposure; and “\. 

(iv) A visible signal shall indicate when au exp’osure has been terminated 
,‘, 4. 

at the limits described in paragraph (a)l3)‘~iii)‘of-~his‘section,‘gnd’man~ai 

resetting shall be required before further’automaticallyiimed exposures can ’ 

be made. 

(4) Accuracy. Deviation of technique factors from indicated values: shall _ ” . 

not exceed the limits given in the information provided in accordance with 

5 1020.30(h)(s); 

(b) Reproducibility. The following requirements shall apply when the ’ 

equipment is operated on anadequate power supply as specified by the 

manufacturer in accordance with the requirements of § i020.30&)(3); 
’ 

(I) Coefficient of variation. For any specific combination of selected 

technique factors, the estimated‘coefficient of variation of the air kerma shall 

be no greater than 0.05. 
* 

(2) Measuring compliance. Determination of comph&ce‘~ha~l~‘be~based”on 

10 consecutive measurements taken within a time period of 1 hour.‘Equipment 

manufactured after September 5;‘197!, shall’be subject to the additional ” ‘1 * -” ._ 
., _.“, .., 



,/ _,_ ,/_/ (I _ 

requirement that all variable controls for technique factor~‘shal1 be adj’usted 

to alternate settings and reset to the test setting after each measurement. The 

percent line-voltage regulation shall be determined for each measurement. All 

values for percent line-voltage regulation’sh‘all be within +l of the mean value 

for all measurements. For equipment having automatic exposure controls, 

compliance shall be determined with a sufficient thickness of attenuat@g 

material in the useful beam such that the technique factors can be adjusted 

to provide individual exposures of a minimum of 12 pulses on field emission 

equipment rated for pulsed operation or no less than one-tenth second per 

exposure on all other equipment. 

(CJ Lmearity. l.he rollowing requirements apply when the equipment is 

operated 

with the 

. 

on a power supply as specified by the manufacturer in accordance 

requirements of § 1020.30(h)(3) for any fixed x-ray tube potential. 

within the range of 40 percent to 100 percent of the maximum rated. 

(1) Equipment having independent selection of x-ray tub& current (mA). 

The average ratios of air kerma to the indicated milliampere-seconds product 

(mGy/mAs) obtained at any ttio consecutive, tube current settings shall’not 

differ by more than 0.10 times their sum. This is: 1x1 - X&‘O.lO(X~+X& where 

X1 and X2 are the average mdy/mAs values obtained at each of two consecutive 
-, 

tube current settings or at two settings differing by no more than a factor of 

2 where the tube current selection is continuous. 

(2) Equipment having selection of x-ray tube ckrren t-exposure t&e 

product (mAs). For equipment manufactured after May 3,1994, the average 

ratios of air kerma to the indicated miIli,am@re-seconds ‘&oduct (m@jmAs) 

obtained at any two consecutive mAs selector settings shall not differ by more 

than 0.10 times their sum. This is: IX,-X& 0.'10(X1+X2); where X1 and’& are 
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the average mGy/mAs values obtained at es, I& of two consecutive mAs selc?ntnr ,. __ ,. ._ Y--/.- a,_,~,>- , ., i -------7 

settings or at two settings differing by no more than a factor of 2 whi ere the 

mAs selector provides continuous selection. 

(3) Measuring compliantie. Determination of compliance will’be based on 

10 exposures, made within 1 hour, at each of the two settings. Thes e t&o 

settings may include any two focal spot sizes except where one is equal tc 
* ‘,. , 

or less than 0.45 millimeters and the other i 
.̂  ~ .,.. l,l_\l ..\.\,. ., I _... c 

.s gr&&ter than o.45 milli.-&-‘;,’ ““’ ‘. 

1 

- _ _ 

For purposes of this requirement, focal spot size i s the focal spot size specified 

by the x-ray tube manufacturer. The percent line-voltage regulation shall be 

determined for each measurement. All values for percent line-voltage 

regulation at any one combination of technique factors shall be within ktl of 

the mean value for all measurements at these technique f&tors. 
i%. 

., (d) Field limitation and blignment for iobile; poric;~~;,~w.&~ statioi;i& ‘.. _’ _.I c’. ..: 

general purpose x-ray systems. Except when spot-film devices are’ in service, 
- .I il “,. ._‘ ,. , 

mobile, portable, and stationary general purpose radiographic x-ray systems 

shall meet the following requirements: 
./ <. _, 3. ,_ :, 

(1) Variable x-ray field limitation. A means for ste$ess ‘adjustment of the 
. , I” .l.....” yri.. _._. . . _. ;i %“_1 

size of the x-ray field shall be provided. Each dimension of’the’mkumum field 
T r.. 

size at an SID of 100 centimeters shall be equal to or less than 5 centimeters. 

(2) Visual definition. (i) Means for visually defining the perimeter of the 
.I /.‘~,..cI_~ I.- L._~,I d. . *.,-xur~:,~~~ :l.P.:\, _“.//C ‘.l,‘..lj<~i. ,, /, 

x-ray field shall be providedThe total&alignment of the edges of the 
,,7l( 

visually defined field with the respective edges of the x-rayfield along ‘either 
,,.*, . . . . ̂ , . ‘ j *e length or width of the visually deflned .f;&xa sli~~l~noSexceea”i‘.~perd’~it .. 

_. )_ , 4 
of the distance from the source to the-center :of the visually&fined field when 

_>, I., i 

the surface upon which it appears is perpendicular to the-a&‘ of the-x-ray ‘.~ 
., h’- -I ,: -, j ._,_ __;, , 

beam. 
? ‘^” ,, :^ _. 
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(ii) When a light localizer is used to define~the )c~ray field, ‘it s’hall provide 

an average illuminance of not less than 160 ‘lux (15 Afootdandles) at 100 , I ,.W.dl . . . . da I.;*I...e./. a** _ 

centimeters or at the maximum SID, whichever is less. .The average 

illuminance shall be based uponAmeasurements made in the approximate “ 
..,, 

center of each quadrant of the light’field. Radiation therapy simulation systems ’ 
. _.._ ,_l__r, ,./ I ,*,._/. * --..e... ” .t 

are exempt from this requirement. 
:, 

(iii) The edge of the light field at 100 centimeters or at the maximum SID, 
: * .) . 

whichever is less, shall have a contrast ratio, corrected for an&em lighting, 

of not less than 4 in the case :of beam-limiting d’evices designed for use on 
.(_ ,..-..i.r.a a, j. 

stationary equipment, and a contrast ratio of not less than 3”in the~case’of 

beam-limiting devices designed for use on mobile and,portible equipment. The 

contrast ratio is defined as 11112, where 11 is the i1~~minance’s;~~Ii;lmet-r~ from - _ 
the edge of the light field to$ard’th_e cecter &f’& ${?‘l$;‘-;r;-“~;‘j&‘~j~ ^ I_ ’ ’ ’ -I -’ .’ ~ 

illuminance 3 millimeters from the edge of the light field away from the center 

of the field. Compliance shall be determined with a”measuring a&$rture of 1' ’ 

millimeter. 

(e) Field indication and qlignment on stbtiotiary gen&al purpose x-ray 

equipment. Except when spot-film devices are in service, stationary general _.,I “.I ---,:r. 

purpose x-ray”systems shall meet the following requirements in addition to 
r ./ _., 

those prescribed in paragraph (d) of this section:‘~“‘ ’ 
3,~ . . . ^, 

(1) Means shall be provided to indicate when the’ axis of the x-ray beam 

is perpendicular to the plane of the image receptor, to align the center of the 

x-ray field with respect to the center of the image receptor to within 2 percent 

of Qe SID, and to indicate Q’ ~ssf:ri to -itfifn 2 ‘-‘-~“‘&; ‘. .” ~ .., _, 

(2) The beam-limiting device shall numerically indicate the field size in 

the plane of the image receptor to which it is adjusted: 
; ,.’ ‘I_ .: 
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(3) Indication of field size dimensions and SIDS shall be specified ‘in _! 

centimeters and/or inches and shall be such that aperture adjustments’result 
.,... . ..I .I 

in x-ray field dimensions in the plane of the image receptor which correspond 

to those indicated by the be&A-limiting device to withir 
_,.. 

12 percent of the’SID 

when the beam axis is indicated to be perpendicular-to the plane of the image 

receptor; and 

(4) Compliance measurements will be made at discrete’SIDs and image‘ 
I ,; i_ ‘ 

receptor dimensions in common clinical use (such as SIDs of 100, 150, and 

200 centimeters and/or 36,46,48, and 72 inches and’nominalimage receptor~~’ ’ 

dimensions of 13, 18, 24, 30,'35, 40, and 43 centimeters and/or 5, 7, 8,9, 10, 

11, 12,14, and 17 inches) or at anv other specific dimensiohs tit which the 
” 4. 

beam-limiting device or its associated diagnostic x-ray system is uniquely 
” 

designed to operate. .  

(f) Field limitation on radiographic x-ray equipment bth’er’than”&&l .’ 

purpose-radiographic systems-(i) l?quiP;m~ kt for use wiih intraoral iniage 
- _I receptors. Radiographic equipment designed for use with an intraon ,. 

receptor shall be provided with means to limit the _ 

(i) If the minimum source-to-skin distance (SSD) is 18 centimeters or more, 

the x-ray field at the minimum SSD shall be containable ins a circle, h.aving 

a diameter of no more than 7*centimeters; and 

(ii) If the minimum SSD is less than 18 centimeters; the x-rav field’at ‘the 
: d 

minimum SSD shall be containable in a circ le having a diameter of no more 
“. 

than 6 centimeters. 

(2) X-ray systems designed for otie image receptor size. Radiopranhic 
< ” ,I ,i .’ , ,’ _( : 

eauinment desi!med for onlv oni I I Gove _ _. -_- ____ J ---e image receptor size at a fixed 5 . 
provided with means to limit the field at the 

- <ID shall be 

! plane of the image receptor to 
‘_ i., 
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center dimensions no greater than those of the image receptor, and to align the 

of the x-ray field with the center of the image receptor to within 2 percent 

of the SID or shall be provided with means to botn si&‘and 
,I_. ,,, :. .j /- 

i ~.. “, align the x-ray (_ 
“,i ,/ .-~2 d.iii,“,xb”. *l .- ,*;-.,,,, ..& :i~,,“.,i”~u,l:,,Y.,ii ~*l:+<:-i,:. “i .:,, ,T/ .“‘. y 

field such that the x-ray field at ‘the plane of the rmager&%l%r ‘does not extend _ I. )/ ,. 
\ *_ 

beyond any edge of the image receptor. 

(3) Systems designed for mammography-(i) Radiographic systems ‘/_ I 

designed only for mammography and general purpose radiography systems, 

when special attachments for mammography are in service;~manufa+rre.d, on 

or after November 1, 1977, and before September 30, 1999, shall be provided 

with means to limit the useful beam such that the x-ray field at the plane of 
..,_ 

._ 
the image receptor does not extend beyond any edge of the image receptor 1 

at any designated SID except the edge of the image receptor designed to be 

adjacent to the chest wall where the x-ray field may not extend beyond this 

edge by more than 2 percent of the SID. This requirement can be met with 

a system that performs as prescribed in paragraphs (f)(J)(i), (f)(a)(ii), and 

(f)(Q)(iii) of th’s 1 section. When the beam-limiting device and image receptor 
,, , . . ., ..,. . 

support device are designed to’ be used to immobilize’ the breast during a 

mammographic procedure and the SID may vary; the SID‘ indication s@cified 
i 

in paragraphs (f)(d)(ii) and (f)(J)(iii) of this sedtion”sh&l ‘be the r-naximurti SID ). _ ,il . . 

for which the beam-limiting device or aperture is designed. 

(ii) Mammographic beam-limiting devices manufactured on or after 

September 30,1999, shall be provided with the means to limit the useful beam 

such that the x-ray field at the plane of the image receptor do&not‘extend 

beyond any edge of the image receptor by more than 2 percent of the SID. 

This requirement can be met with a.system that performs as prescribed in 

paragraphs U.&WL UX41(“) n , and (f)(g)(iii) ‘of this section:‘Fer systems that 
3 
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allow changes in the SID, the SID indication spe&ed-in paragraphs (f)(i)(ii) 

and (f)(d)(iii) of this section shall’be the maximum SID for which the beam- 

limiting device or aperture is designed. 

(iii) Each image receptor support device manufactured’on or after 
. . _ 

November 1, 1977, intended.for installation on a system designed’for ” 

mammography shall have clear and permanent markings to indicate the 

maximum image receptor size for which it is designed. 

(4) Other x-ray systems. Radiographic systems not specifically covered’& 

paragraphs kU, (4, UX% K@L and (h) of this section and systems covered 
._ ,. ,. 

in paragraph (f)(l) of this section, which are’~a1s.o designed for use with 
, 

*. 
extraoral image receptors and when used with an extraoral image receptor, . 

/. ,?~ 
shall be provided with means to limit the x-ray field in the plane of the image 

receptor so that such field do;es not exceed each dimension of the image 

receptor bv more than 2 nercent’ of the .STD. when the Z&C nf tha Y-POX~ haam 
u I 

- , - - --1-- .?-a- . ..d.I” VI LI.4.” I. I uy “bcu..lI 

I 

is perpendicular to the Plane of the irn’ - - .& age receptor. ‘In addition; means shall 

be provided to align the center of the x-ray field with the cent .er of the image 

receptor to within 2 percent of the SID. & megnn .A~11 ‘7-G n&vi’2GJ L -, -- -------I Y-AU.... U” f.2rvrruvu 
Q’;bk&h . . ,I > 

size and align the x-ray fi 

receptor does not extend 

requirements may be met 

I  

.eld such that the x-ray field at the plane of the image 

beyond any edge of the image receptor. These 

._1 
with: 

(i) A system which performs in accordance with paragraphs (d) and (e) 
,. .” .I 

of this section; or when alignment means are also orovided,’ may be met with ’ ’ 

either: 

(ii) An assortment of removable, fixed-aperture, beam-limiting de ?vices 

sufficient to meet the requiremer 

and SID for which the un it 

It for each COI - a -* ^ “’ nbination of image receptor size 

is designed. Each ‘such device shall~nave clear and 



permanent 

is designed 

markings 

.; or 
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to indicate the i ” .,., 

image 

(iii) A beam-limiting device having multipl6 fixed a&&es sufficient to 

meet the requirement for each combination of image rece 
” 

ptor size and SID for 

which the unit is designed. Perma”nent. clearlv letiibie tiarkiti& ~6.a.11~ it‘ldi &te 

the image receptor size and SID for whicl 

indicate which aperture is in position for use. 

J ~” ~-- -----__--- o- ------ ^ -̂--- -_- 

h each aperture is designed and shall 

(g) Positive beam limifaffdh (PBL;). The requirements aft@Is paragraph 

shall apply to radiographic systems which contain PBL: 
,.. ._.” > 

(1) Field size. When a PBL’system is provided, it shallprevent ‘x-ray ~’ ‘” 

production when: 

(i) Either the length or wid“ F ” ttn or tne x-ray field in the plane ‘of the.image 

receptor differs from the corresponding image receptor dimension by more 

than 3 percent of the SID; or“ 

(ii) The sum of the length and width differences.as stated in paragraph 

(g)(l)(i) of this section without regards to sign exceeds’-4”‘perc~~~‘;;f;t~~>Si~.” )’ * 

(iii) The beam limiting device is at an SOD for whi&h -pgk*‘f; ;&r;i;;i-;led .‘I 

for sizing. 

St, ,- ,>“,. 
(2) Conditions for PBL.‘ When provided, the PBL,’ system shall fun&on as 

described in paragraph (g)(l)‘of this section whenever all the fdhwing 

conditions are met: 
.__, 

(i) The image receptor is inserted into a permanently mounted cassette 

holder; 

(ii) The image 

) The x-ray 
,, 

imeters to 3 

receptor length and width are less than--50 centir-neters; 
: 

. __a,., ,__, . . ~ 
beam axis is within t-3 degrees ofvertidal’and the SID is 

, I 

,I# _. ,o, -.>*. _ 
.30 centimeters inclusive; .or the x-ray beam axis is within 

./.._. 



f3 degrees ot horizontal and the SID is 90 centimeters to 205 :entimeters 

inclusive; 

to 

‘(iv) The x-ray beam axis is perpendicular to the plane of the image receptor 

within +3 degrees; and 

(v) Neither tomographic;nor stereoscopic radiography ‘is beir ig performe’d.’ 
6 

(3) Measuring compliance. Compliance with the requirements of paragraph 
.^(l >. . Ih , _ 

(g)(l) of this section shgll be Idetermined when the equipment in&&&s that 

the beam axis is perpendicular to the plane of the image receptor and the , ,,. .,, _ I _ 

provisions of paragraph (g)(2) of this section are met.~ Compliance shall be 

determined no sooner than 5 seconds after insertion of theimage receptor. 
. . ., 

(4) Operator initiated utidersizing. The PBL system shall be -captible of 

operation such that, at the discretion of the operator, the size of the field may’ ’ . 

be made smaller than the size’of the image receptor through stepless 

adjustment of the field size. Each dimension of the minimum field size at an 

SID of 100 centimeters shall be equal to or less than 5 centimeters. Return , ‘^ 

to PBL function as described in paragraph (g)(l) of this section shall occur “, 

autom’atically upon any change of image receptor size or SID. 

)I ..,” 
(5) Override ofPBL. A capability may be provided for overriding PBL in 

case of system failure and for servicing the system. This override may be : for 

all SIDs and image receptor sizes. A key shall be required for any override I 
._ _ 

capability that is accessible to the operator. It shall not be possible to remove < ,~_. .,., .,s- .” / . . 
the key while PBL is overridden. Each such key switch or key shall be clearly 

and durably labeled as follows: 

For X-ray Field Limitation System Failure 



‘., :, .‘.‘: . :’ - ).’ ;. . -, :. 

# 
,  ̂,, ,.,~ , 

m- ;. -' _- 
,t. 

, 

The override capability is consideG3 6cce’%%& t6~8%‘6$&&~or if it is &feS$n&d 
“. _i ,I,_, 

in the operator’s manual or in other material intend&! fOi the operator or’if‘i’ts‘ 

location is such that the operator would consider it part of the operational k&&ols, 

(h) Field limitation’ and alignment for spot-film d’kvices. The fello~ing 

requirements shall apply to spot-film devices, except when the spot-film 

device is provided for use with a radiation therapy simulation system: 
~.I _’ ;, 

(1) Means shall be provided between’the source and the patient for 

adjustment of the x-ray field.size in the plane of the image receptor to the 

size of that portion of the image receptor Which has’been selected~on the spot- 

film selector. Such adjustment shall be accomplished automatically when the 
,. 

x-ray field size in the plane of the image receptor is greater than the sel.ected I 

portion of the image receptor. If the x-ray field size is less than the size of .._ . _- ,. ‘ 

the selected portion of the image receptor, the field size shall not open 
: ’ x ‘_._, ,i_,_ 11..,., .A.L.. 

automatically to the size of the selected portion bf the image receptor unless 

the operator has selected that mode of operation. 

(2) Neither the length nor the width of the x-ray field in the plane of the 

image receptor shall differ from the corresponding dimensions of the selected’ 
,I, .I _, 

portion of the image receptor by more than 3 percent of the SID”when adjusted “. ., 

for full coverage of the selected portion of the image receptor. The sum, 

without regard to sign, of the length and width differences shall not exceed 

4 percent of the SID. On spot-film devices manufadtured’ after l$.3%ary 25, 

1978, if the angle between the plane of the image receptor and beam axis is 

variable, means shall be provided to indicate when the axis of the.x:ray beam 

is perpendicular to the plane of the image receptor, and compliance shall be ,, ^ ,; .“,__ ‘.,‘ *1 ” .’ - 

determined with the beam axis indicated to be. perpendikular to the plane of 
,I _’ 

the image receptor. 
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(3) The center of the x-ray field in the plane”of the image receptor Shall 

be aligned with the center of the selected portion of the image receptor to 
..’ ,. _ t.I_ 

within 2 percent of the SID. 

(4) Means shall be provided to reduce the.x-ray field size in the plane 

of the image receptor to a size smaller than the selected portion of the image 

receptor such that: ‘ \ 

(i) For spot-film.devices ‘used on fixed-SID, fluoroscopic systems which are _i 

not required to, and do not provide stepless’adjustment of the x-ray field, the 

minimum field size, at the greatest SID, does not exceed 125 square 

centimeters; or 

(ii) For spot-film devices used on fluoroscopic systems that have a”variable 

SID and/or stepless adjustment of the field size, the minimum field size, at 

the greatest SID, shall be containable in a square of 5 centimeters by 5 

centimeters. 

(51 A canabilitv mav be nrovided for overriding the automatic x-rav field . I I J 4 I ” 
,” : ‘0 I -’ 

size adjustment in case of system failure. If it is so provided, a signal visible 
” I,. 

at the fluoroscopist’s position shall indicate whenever the automatic x-rav field 
I L ” 

size adjustment override is engaged. Each such system failure override:switch 

shall be clearly labeled as follows: 

For X-ray Field Limitation System Failure 

(i) Source-skin distcznce+l) X-ray systems designed for use with an 

intraoral image receptor shall be provided tiith means to limit the source-skin 

distance to not less than: 6 
).., 

(i) Eighteen centimeters if operable above 50 kVp; OI 

(ii) Ten centimeters if not operable above 50 kVp. 
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(2) Mobile and portable x-ray systems other than dental shall be provided 

with means to limit the source-skin distance to not less than 30 centimeters. 

(j) Beam-on indicators. The x-ray control shall provide visual indication 

whenever x-rays are produced. In addition‘s signal audible to the operator 

shall indicate that the exposure has terminated. 

(k) Akzltiple tubes. Where two or more radiographic tubes are controlled 

by one exposure switch, the tube or tubes which have been selected shall be 

clearly indicated before initiation of the.exposure. This indication shall be both 

on the x-rav control and at or near the tube housing assemblv which has been 
I ” J 

selected. .‘. __ 

(1) Radiation from capabitor energy storage equi~m&k Radiation emitted , 

from the x-ray tube shall not exceed: 

I.%,\ n-- -Z-l--- _---- -cn nr-. --.n I em c. *r\ -n“‘ ” 3’. - . *.a- 
(1J ~11 al1 JSerrIEi 01 U.LD Inby (Vice U.Ud nut exposure) in 1 nmnm! at 3 

centimeters from any accessible surface of thy 
_’ ‘. i 

3 diagnosti?source assembly, with 

the beam-limiting device fully open, the system fully chal :ged, and the’ 

exposure switch, timer, or any discharge mechanism not activated. Compliance 

shall be determined by measurements averaged over an area of 100 square 

centimeters, with no linear dimension greater than 20 centimeters; and 

(2) An air kerma of 0.88’mGy (vice 100 mR exposure) in 1 hour at 100 

centimeters from the x-ray source, with the beam-limiting device fully open, 

when the system is discharged throughthe~x-ray tube either manually ‘or 
! 

automatically by use of a discharge switch or deactivation of.the’input”power. : 

C~ompliance shall be determined by measurements of the maximum’air k&ma 

per discharge multiplied by the total number of discharges in 1 hour (duty 

cycle). The measurements shall be averaged’ over an area of 100 square’ 
., . 

centimeters with no linear dimension greater than 20 centimeters. 
_,I 



(m) Primary protective barrier for mazn&og?aphy x-ray systems-(l) For 
9 

x-rav systems manufactured after September 5, 1978, and before Sentember 30, 
” 

1999, which are designed only for mammography, the’tl 

. I 

:ansmi&ion of\ the 
. 

primary beam through any image receptor support provided P 
.- - 

vith the system 

shall be limited such that the air kerma 5 centimeters from-any accessibh 3 

surface beyond the plane of the image receptor supporting device does not 

exceed 0.88 pGy (vice 0.1 mR exposure) for ‘each activation of the tube. 

(2) For mammographic x-ray systems manufactured on or after September 

30, 1999: 

(i) At any SID where exposures can be made, the image receptor’support 
.,. , .).,., ,X’.. _‘ i .I. i 

device shall provide a primary protective barrier that intercepts the cross 

^ -- 

section of the useful beam along every direction except at the chest wall edge. 

(ii) The x-ray system shall not permit exposure unless the apI lropriate 

barrier is in place to intercept the useful beam as required in paragraph 

(m)(z)(i) of this section. 1, 

(iii) The transmission of,the useful beam through the primary protective 

barrier shall be limited such that, the air kerma 5 centimeters.+ from any 

accessible surface beyond the plane of the primary protective barrier does not 
_~ - I. -I_ i ._ ,_ 

exceed 0.88 pGy (vice 0.1 mR exposure) for.kach a&v&ion’& the tube. 

(3) Compliance with the, requirements of paragraphs (m)(l) and (m)(a)(iii) 

of this section for transmission shall be determined with the x-ray system 
_; I” ._ . . / .‘..._,._.._ ..” 

operated at the minimum SID for which it is designed, at the maximum rated 

peak tube potential,/at the maximum rated hroduct of x-ray tube current and peak tube potential,/at the maximum rated hroduct of x-ray tube current and 

exposure time (mAs) for the maximum rated peak~tubeI%&nti& andby“ ” exposure time (mAs) for the maximum rated peak~tubeI%&nti& andby“ ” 

measurements averaged over an area of 100 square centimeters with no linear measurements averaged over an area of 100 square centimeters with no linear . . 

dimension greater than 20 centimeters. The sensitive volume of the radiation dimension greater than 20 centimeters. The sensitive volume of the radiation 



measuring instrument shall not be nositioned bevond the ec 
_ _ _ _. 

.I 3ge of the primary 

protective barrier along the chest wall side. : 

4. Revise § 1020.32 to read as follows: 

5 1020.32 Fluoroscopic equipment. 

The provisions of this section apply to equipment for fluoroscopic imaging 

. and for radiographic imaging when images are recorded from the fluoroscoplc , ! 

image receptor except computed tomography x-ray systems manufactured on 

or after November 29,1984. 

(a) Primary protective barrier-( 1) Limitation- of useful beati. The ._ . . “^ 
fluoroscopic imaging assembly shall be provided with a primary protective 

barrier which intercepts the entire cross section of the useful beam at any Stij. ’ 

The x-ray tube used for fluoroscopy shall not produce x-rays unless the barrier 

transmission is in position to intercept the entire useful beam. The AKR due to 

through the barrier with the ‘attenuation block in the useful beam co’mbined .- ,.“. _ .,,, “\___S, ^ _. ” 

with radiation from the fluoroscopic image receptor shall not exceed 3’.34 x 

1O-3 percent of the entrance AKR, at a distance of 10 centimeters from any 

accessible surface of the fluoroscopic imaging assembly beyond the plane of 

the image receptor. Radiation therapy simulation systems shall be exempt from 

this requirement provided the systems are intended only for remote control 

operation and the manufacturer sets forth instructions for assemblers with 

respect to control location as part of the information required in § 1020.30(g). respect to control location as part of the information required in § 1020.30(g). 

Additionally, the manufacturer shall provide to users, under § 1020.3~(h)(l)(i), Additionally, the manufacturer shall provide to users, under § 1020.3~(h)(l)(i), 

precautions concerning the importance of remote control-operation. precautions concerning the importance of remote control-operation. 

(2) Measuring compliance. The AKR shah be measured in accordance with (2) Measuring compliance. The AKR shah be measured in accordance with 

paragraph (d) of this section., The AKR due t.o trans.mission through the primary paragraph (d) of this section., The AKR due t.o trans.mission through the primary 

barrier combined with radiation from the fluoroscopic image ‘receptor shall be barrier combined with radiation from the fluoroscopic image ‘receptor shall be 

, 
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determined by measurements averaged over an area of 100 square centimeters 

with no linear dimension greater than 20 centimeters. If the source is below 

the tabletop, the measurement shall be made with the input surface of the 

fluoroscopic imaging assembly positioned 30 centimeters above the tabletop. 

If the source is above the tabletop and the SID isvariable, the measurement 

shall be made with the end of the beamYlimiting device or spacer as close to 

the tabletop as it can be placed, provided that it shall not be closer than 30 

centimeters. Movable grids and compression devices shall be removed from 

the useful beam during the measurement. For all measurements, the 

attenuation block shall be positioned in the useful beam 10 centimeters from 

the point of measurement of entrance AK.B and between this point and the 

input surface of the fluoroscopic imaging assembly. 

(b) Field limitatio&(l) Angulation. For fluoroscopic equipment 
, : 

manufactured after February 25,1978, when the angle between the image. 

receptor and the beam axis of the x-ray beam is variable, means shall be 

. provided to indicate when the axis of the ,x-ray beam is perpendicular to the .“, 

plane of the image receptor. Compliance with paragraphs (b)(4) and (b):(5) of 

this section shall be determined with the beam axis indicated to be 

perpendicular to the plane of the image receptor. 

(2) Further means for limitation. Means shall be provided to permit further 

limitation of the x-ray field to sizes smaller than the limits of paragraphs (b)(4) 

and (b)(s). Beam-limiting devices manufactured after May i2,1979, and 

incorporated in equipment with a variable SID and/or the capability of a visible 
, 

area of greater than 300 square centimeters shall be provided with means for 

stepless adjustment of the x-ray field. Equipment with a fixed SID and the 

capability of a visible area of no greater than 300 s*quare centimeters shall be 
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provided with either stepless adjustment of the x-ray field or with a means 

to further limit the x-ray field size at the plane of the ‘image receptor to: 125 

square centimeters or less. Stepless adjustment shall, at the greatest SID, 

provide continuous field sizes from the maximum obtainable to a field’size 

containable in a square of 5 centimeters by 5 centimeters. This paragraph does 

not apply to nonimage-intensified fluoroscopy. 

(3) Nonimage-intensified fludrokopy. The x-ray field produced by 

nonimage-intensified fluoroscopic equipment shall not extend beyond ‘the 

entire visible area of the image receptor. Means shall be provided for stepless 

adjustment of field size. The minimum field’size, at the greatest SID, shall be 

containable in a square of 5 centimeters by 5 centimeters. 

(4) Fluoroscopy and radiography using the fluorosco@c imagr’ng akembly 

with inherently circular image receptors. (i) For fluoroscopic equipment. 

manufactured before [date 1 year after date of publication‘of the finai rule’in .’ 

the Federai Registck]; other than ra-diation therapy simulation systems,‘the 

following applies: 

(A) Neither the length nor the width of the x-ray field in the plane of the 

image receptor shall exceed that of the visible are,a cif~thii image” receptor ‘by . ” - 

more than 3 percent of the SID. The sum of the excess length and the excess 

width shall be no greater than 4 percent of the SID’. ’ 
.: 

(B) For rectangular x-ray fields used with circular image receptors, ‘the 
,. 

error in alignment shall be determined along the length and’tiidth “dimensions 
: ” 

of the x-ray field which pass through the center of-the visible‘area of the image- 

receptor. 
i 

(ii) For fluoroscopic e.quipment manufactured’ on or after [date j year after 
t \ 

date of publication of the final rule in the F&&Gal X&jikier]‘; other than ‘“’ ” ” 
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radiatio,n therapy simulation systems, the maximum area of the x-ray field in 

the plane of the image receptor shall conform with one of the following 
6, ‘. * 

requirements: 

(A) When the visible area of the image receptor is less than or equal to 

34 cm in any direction: (1) At least 80 percent of the x-ray field overlaps the 

visible area of the image receptor, or (2) at least 80 percent of the air’kerma “’ 

integrated over the x-ray field is incident on the area of the image receptor. 

(B) When the visible area of the image receptor is greater than 34 cm in 

any direction, the x-ray field measured along the direction of~greatest 

misalignment with the visible area of the image receptor shall not extend 

beyond the visible area of the image receptor by more th& a total of 2 cm. 

(5) Fluoroscopy and radiography using the fluoroscopic imaging assembly 

with inherently rectangular image receptors. ‘For x-ray systems manufactured 

after [date 1 year after date of publication of the final’rule iti the Pkd&<l ’ 

Register] : 

(i) Neither the length nor the width of the x-ray field in the plane~of~the .’ 

image receptor shall exceed that of the visible area of the image receptor by 
j .I /,a .* .,,. ((es ___.l__._^ ,. “,_ .,, ..)” , .c.- -&” .,; /I . 

more than 3 percent of the STD’1 “T-he”sum of the excess length and the excess ?’ 

width shall be no greater than 4 percent of the SiD. x 

(ii) The error in alignment shall be determined along’the length and width 

dimensions of the x-ray field which pass thCugh the ceder d the vislibie area 

of the image receptor. 

(6) Override capability. If the fluoroscopic ‘x-ray field size is adjusted 

automatically as the SID or image receptor size is changed; a capability ‘may 

be provided for overriding the automatic adjustment in case of system failure. 

If it is so provided, a signal visible at the fluoroscopist’s position shall indicate 
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whenever the automatic field adjustment is overridden. Each. such system 

failure override switch shal! be clearly labeled as follows: ’ 

For X-ray Field Limitation System Failure 

(c) Activation of tube. X-ray production’in the fluoroscopic mode shall 

be controlled by a device which requires continuous pressure by the operator 

for the entire time of any exposure. When recording serial fluoroscopicimages, 

the operator shall be able to terminate the x-ray exposure(s) at any time, but 

means may be provided to permit completion of any single exposure of the 

series in process. 

(d) Air kerma rates. For fluoroscopic equipment, the following 

requirements apply: 

(1) Fluoroscopic equipment manufactured before May.1 9, 1995- [i) 

Equipment provided with automatic exposure rate control (AERC) shalJ.not 

be operable at any combination of tube potential and current that wil1 result”‘. 
” ,, *_ 

in an AKR in excess of 88’mGy‘per“minute (vice lb Rimin exposure rate) at 

the measurement point specified in !$1020.32(d)(3), except as specified in 

5 lOZO.32(d)(l)(v) of this section. 

(ii) Equipment provided without AERC shall not be operable at any 
: 

combination of tube potential and current that will result in an AI& in’excess 

of 44 mGy per minute (vice 5 R/min exposure rate) at the measurement point 

specified in § 1020.32(d)(3), except as specified in § IOZd.32(d)(l)(v) of.this 

section. 

(iii) Equipment provided with both an AERC mode and a manual mode 

shall not be operable at any combination of tube potential and current that 

will result in an’ AKR in. excess of188 mGy per minute (vi& yd~ R&m ex@sure 

,, ‘> I_ 
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rate) in either mode at the measurement point specified in $102Q.32(d)(3), 

except as specified in § 1020.32(d)(l)(v) ‘of this section. 

(iv) Equipment may be modifi-ed in accordance with § 1020.30(q) to “, I ^._/ 

comply with 5 1020.32(d)(2). When the equipment is modified, it shall bear 

a label indicating the date of the modification and the statement: 

“Modified to comply with 21 CFR 1020.32($)(2)." 

(v) Exceptions: 

(A) During recording of fluoroscopic images, or 

(B) When a mode of operation has an optional high-level control, in which 

case that mode shall not be operable at any combination of tube potential and 

current that will result in an AKR in excess of the rates specified in 

!$1020.32(d)(l)(i), (d)(l)(ii), or (d)(l)(iii) at th e measurement point specified in 
. . 

§ lozo.z(d)(3), unless the high-level control is activated. Special means of ^ 

activation of high-level controls shall be required. The high-level control shall 

be operable only when continuous manual activation is provided by the 

operator. A continuous signal audible to the fluoroscopist shall indicate that 

the high-level control is being employed. 

(2) Fluoroscopic equipment manufactured on or after May 19, 1995- (i) 

Shall be equipped with AERC if operable at any combination of tube potential x ,” I ._ 

and current that results in an AKR greater than 44 mGy per minute (vice 5 

R/min exposure rate) at the measurement point specified in § 1020.32(h)(3). 

Provision for manual selection of technique factors may be provided. 

(ii) Shall not be operable at any combination of tube potential and current 

that will result in an A,KR in excess of 88 mGy per minute (vice 10 R/min 

exposure rate) at the measurement point specified in § 1020.32(d)(3), except 

as specified in § 102&32(d)(2)(iii) of this section: 



(iii) Exceptions: 

(A) For equipment manufactured prior to [date 1 year after date of 

publication of the final rule in the Federal Register], during the recording of 

images from a fluoroscqpic image receptor using photographic film or a video 

camera when the x-ray source is operated in a pulsed mode. 

(B) For equipment manufactured on or after [date 1 year after date of 

publication of the final rule in the Federal Register], during the recording of 

images from the fluoroscopic image receptor for the purpose of providing the 

user with an image(s) after termination of the exposure. However, the archiving 

of fluoroscopic or radiographic images through the recording of such images 

in analog format with a video-tape or video-disc recorder”does not qualify as 

an exception. 

(C) When a mode of operation has an optional high-level control and the 

control is activated, in which case the equipment shall not be operable‘at any 

combination of tube potential and current that will result in an AKR in, excess 

of 180 mGy per minute (vice 20 R/min exposure rate) at the measurement point 

specified in §1020.32(d)(3). Special means of activation of high-level controls 

shall be required. The high-level control shall be operable only when 

continuous manual activation is provided by the operator. A continuous signal 

audible to the fluoroscopist shall indicate that‘fhe high-level control is being 

emnloved. 

(3) ,Measuring compliance. Compliance with paragraph (d) of this section 

shall be determined as follows: 

(i) If the source is below the x-ray table, the AKR shall be measured at 

1 centimeter above the tabletop c 

I 

)r cradle. 
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(ii) If the source is above the x-ray table; t~~“~~!&h~IflG ‘tie&&d at 

30 centimeters above the tabletop with the end of the beam-limiting device 

or spacer positioned as closely as possible to the point of measurement. 

(iii) In a C-arm type of fluoroscope, the AKR shall be measured at ?O 

centimeters from the input surface of the fluoroscopic imaging assembly, with 

the source positioned at any available SID, provided that the end of the beam- 

limiting device or spacer is no closer than 30 centimeters from the input 

surface of the fluoroscopic imaging assembly. 

(iv) In a C-arm type of fluoroscope having an SID less than 45 cm, the 

AKR shall be measured at the minimum SSD. 

(v) In a lateral type of fluoroscope, the air kerma rate shall be measured 

at a point 15 centimeters from,the centerline of the x-ray table and in the 

direction of the x-ray source with the end of the beam-limiting device or spacer 

positioned as closely as possible to the point of measurement. If the tabletop 

is movable, it shall be positioned as closely as possible to the lateral x-ray 

source, with the end of the beam-limiting device or spacer no closer than 15 

centimeters to the centerline of the x-ray table. 

(4) Exemptions. Fluoroscopic radiation therapy simulation systems are . . * _ .” 
exempt from the requirements set forth in paragraph (d) of this section. 

(e) [Reserved] 

(f) Indication of potential and current. During fluoroscopy and 

cinefluorography, x-ray tube potential and current shall be continuously . . ;.r I 

indicated. Deviation of x-ray tube potential and current from the indicated 

values shall not exceed the maximum deviationas stated by the manufacturer .; I/ x ,. I_ i 

in accordance with § 1020.30(h)(3). 



(g) Source-skin distance. (1) Means shall be provided to limit the source- 

skin distance to not less than 38 centimeters o~n,statjonary fluoroscopes and 

to not less than 3q centimeters on,mobil,e,,.a,nd portable fluoroscopes. In 

addition, for fluoroscopes intended for specific surgical application that would 

be prohibited at the source-skin distance,s specified in this paragraph, 

provisions may be made for operation at shorter source-skin distances but in 

no case less than 2.0 centimeters.,.J@hen provided, the manufacturer must set 

forth precautions with respect to the optional means of spacing, in addition 

to other information as required in § 1020.30(h). 

(2) For mobile or portable C-arm fluoroscopic systems manufactured on 

or after [date 1 year after dat.e of publication of the final rule in the Federal 

Register], having a maximum source-image receptor distance of less than 45 

centimeters, means shall be provided to limit the source-skin distance to not 

less than 19 centimeters. Such. systems shall be labeled for extremity use only. 

In addition, for those systems intended for specific surgical application that 

would be prohibited at the source-skin distances specified in this paragraph, 

provisions may be made for operation at shorter source-skin distances but in 

no case less than 10 centimetersWhen provided, the manufacturer must set 

forth precautions with respect to the optional means of spacing, in addition 

to other information as required in § 1020.30(h). 
(9 

(h) Fluoroscopic irradiation time, display, and signal. (1iFluoroscopic 

equipment manufactured before [date 1 year after date of p ication of the 

final rule in the Federal,.Register], shall be provided with means to preset the 

cumulative on-time of the fluoroscopic tube. The maximum cumulative, time 

of the timing device shall not exceed 5, minutes.@ho,ut resetting. A signal 

audible to the fluoroscopist shall indicate the completion of any preset 
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cumulative on-time. Such signal shall continue to- sound,while x-rays are 

produced until the timing device is reset. Fluoroscopic equipment may be 

modified in accordance,.with § 1~02,0.3O(q) to comply with the requirements of 

§ lozo,c!z(h)(2). Wh en the equipment is modified, it shall bear a label 

indicating the statement: j@ 
fj ,y& 

C\F , 0 ,;I/ 

c,, 

“Modified to comply with 21 CFR IO.W.3Z(h)(2).” ikl (I$) 

s ’ /As an alternative to the requirements. of+&%paragrap 
w\Z4 

, radiation therapy 

simulation systems may be provided with a rneans,to indicate thetotal, j ,,,^,_,^ ,” ., I , 

cumulative exposure time during which x-rays were produced, and which is 

capable of being reset between x-ray examinations. 

(2) For x-ray controls manufactured, on or a,fter,Jdate 1 year after date of 

publication of the fi-nal rule &. !II~ Fx@~J+$egister], there shall .be provided 

for each fluoroscopic tube: 

(i) A display of the value and units of the irra,diation,tim~e, frornthe : I 

beginning of a patient examination or procedure. This display shall be visible 

at the fluoroscopist’s working position throughout the examin,ation o,r- 1 , 

procedure and after it ends, T~bedisplay shall be able to, be reset to zero prior . 7, I ..,,. s, ,. 

to the commencement of a new examination or procedure, and it shall function I -... ,. _ _^. : %-^ .A_ ) ._ -,., a ,* ,.s.; .^” .,... I, _. , - ., _ , 

independently of the audible signal described in § 1020.32(1~)(2)(ii). 

(ii) A signal audible to the,fluoroscopist shall indicate the passage of _, __. . . . _ 

irradiation time during an examination or procedure. The signal shall sound 

for at least one, seco,nd at each interval of 5:minutes duration of irradiation ,, .‘ 1_ i ,: ;i,. $4, .,* .*sm;- ,*: ),,. ,. _>,: :* .‘.““;‘ zv ‘;.:, ;:, _y $. ;:, s Li, .,, f .. ,6 ,- *’ 

time. 

(i) Mobile and portable fluoroscopes. In addition to, the .oth.er, requirements 

of this section, mobile and portable fluoroscopes shall provide an image 

receptor incorporating more than a simple fluorescent screen. ~ , 
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(j) Display of last’image hold (,%YJ Fluoroscopic equipment manufactured 

on or after [date 1 year after date of publication of the final rule in the. Fe&r?! 
I 

Register], shall be equipped with means to display an LIH radiograph ” 

following termination of the fluoroscopic exposure. 

(1) For an LIH radiograph obtained by retaining pretermination 

fluoroscopic images, if the number of images and method of combining images 

are selectable by the user, the selection shall, be indicated prior to initiation 

of the fluoroscopic exposure. 

(2) For an LIH radiograph obtained by initiating a separate,radi,ographic 

exoosure. if the techniaues factors for the radiographic exposure are selectable 

prior to the exposure, the combination selected must be indicated~prior to 

initiation of the fluoroscopic exposure. 

(3) Means shall be provided to clearly indicE tte to the user whether,a i 

disnlaved image is the LIH radiograph or fluoroscopy. Display of the LIH 
A J ” ” I A.. a . 

.,, .~ 

radiograph shall be replaced by the fluoros topic image concurrently with 
v  L 

- 
- 

,. _, 

- - . . 1 

re? ‘* led for initiation of fluoroscopic exposure, unless, separate displays are provic I 

the LIH radiograph and fluoroscopic images. 

(4) The predetermined or selectable options for producing the LIH; 

radiograph shall be described in the information required by § 1020.30(h). The 

information shall include a description of any applicable technique factors for 

the selected option and the impact of the selectable options on image 

characteristics and. radiation dose. _, - _. I. _ 

(k) Displays of values of AK.. and cumulative air&ma., Fluoroscopic 
. . 

~equipment manufactured onor after [date 1 year after date of publication of 

the final rule in the Fe&vql pegisthr], shall display at the fluoroscopist’s 

working position values of AKT(,and curnul~~~vtl!*~~~~,,~erma. The following “/. __,.;_. “” % 1<*.,1* I/_ .&I ,/s/l xv ,I .,a ?.Lss ,.,, 1:1/ +,*-.a < 
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requirements apply for each x-ray tube used during an examination or 1 

procedure: 

(1) The value displayed for AKR shall be in units,of.mGy/min and shall 

represent the air kerma per unit time during fluoroscopy and while recording 

during fluoroscopy. 

(2) The value displayed for cumulative air kerma ‘shall~be inunits of mGy; 

shall include all contributions generated from fluoroscopic and radiographic 

radiation; shall represent the total air kerma ,accrue.d,,from th,e commencement 

of an examination or procedure and shall be updated during the examination 

, or procedure each time that fllo*rosco.pic or radiographic x-ray production is 

deactivated. 

(3) During fluoroscopy and while-recording during fluoroscopy, the value 
,‘ 

and units of the AKR shall be displayed. Following ffuoroscopy or radiography, 

the value and units of the cumulative air.kerma shall be displayed. .., ,/ (I. . _ . ..~ --*,, ;_ _- l,lr, i”, *, 
)< “” 

(4) The display of the value of the AKR shall beclearly distinguishable ,... i ,\ 

from the display of the value of the cumulative a&kerma., __ _ , , 

(5) Values displayed for the AKR and cumulative air,kerma shallbe 

determined for conditions of fr,eeGn-air irradiation at one of the following w .r_, “s..,~.ir.“;~i ,, i? I <b”“:%c.r,# I *.;.clr\. .,w ii’ .*dr* “,_+_.. *. “lir>-#*” ,” * . ..*..,: :~r+sdri,+ma~~r <: 

reference locations specified according to the type of fluoroscope. The ,, “.,_/. ._. .v ij N, 

reference location shall, be identifi!ed ,and described specifically in information / I .“i .e-ri,- \,, .“&~ii.~..n.~*$a,-, .*,_ r. 

provided to users according to § 1020.3O(h)(6)(iii). 

(i) For fluoroscopes with x-ray source below the,ta,ble, x-ray source above (i) For fluoroscopes with x-ray source below the,ta,ble, x-ray source above 

the table, or of lateral type, the reference loc,ations sha!j,be the respective the table, or of lateral type, the reference loc,ations sha!j,be the respective 

locations specified in § 1020.32(d)(3)(i), (d)(3)(ii), or (d)(3)(v)“for measuring locations specified in § 1020.32(d)(3)(i), (d)(3)(ii), or (d)(3)(v)“for measuring 

compliance with air-kerma rate Jimits. compliance with air-kerma rate Jimits. (; (; 
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(ii) For C-arm type fluoroscopes, the reference location~sha~~Wbe 15 

centimeters from the isocenter,to~ward the x-ray source along the beam axis. ., ” -*,i I w-.jl..-i i *s 

Alternatively, the reference location shall be,,along the beam axis at a point 

deemed by the manufacturer to represent the intersection,.of t& x-ray beam 

entrance surface and the patient skin. 

(6) Means shall be provided to reset to zero the values c$Ar(R a,nd j, 1, ,,, i . 

cumulative air kerma prior to the commencement of ,a,n,ew e,x.am~Qration or -_ ._ 

procedures. 

(7) The AKR and the cumu1ativ.e. air-kerma shall not deviate from their ,, _i. . <‘ ..I J,, __., “. Xi_” u /‘ ,i* 3 rj ;. .A < * el _. L -, *., d, h .< ,_ ,_ ^.: ._ ” ,_ 2. 

respective displayed values by more than +2,5 percent. 

5. Amend § 1020.33 by revising paragraph (h)(2) to read as follows; . 

0 1020.33 Computed tomography (CT) e@i,pmenf. 

* * * * * 

04 * * * 

(2) For systems that allow high voltage to be applied to the x-ray tube 

continuously and that cont,rql.the”emi,ssiQlp-Qf~x-ray with a shutter, the 

radiation emitted may not exceed 0.88 milligray (vice 100 milliroentgen 

exposure) in 1 hour at any point 5 centimeters”outside the ,external surface _ _ _,, ^ ,.)_ __I . . ., ” .,I _/.-‘,.... *, .,,” 

of the housing of the scanning mechanism when the shutter is ,clos”ed 

Compliance shall be determined,by measurements average over an area of 100 

square centimeters with no linear dimension greater than 26 centimeters.. 

* * * * * 
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